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PREPARATION OF SOME ACYCLIC JUVENOIDAL ANALOGUES* 
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Several esters of branched (1 — 4 methyl substituents on the chain) unsaturated (1 — 4 double 
bonds) aliphatic acids of various chain length have been prepared. 

In investigations on the relationship between the biological activity of the insect 
juvenile hormone analogues and chemical structure, attention has been paid to the 
influence of chain-length, number of double bonds, position and number of methyl 
substituents. A contribution in this respect is reported in the present paper. 

In the preparation of compounds I—V, aliphatic acids possessing a suitable 
number of carbon atoms were converted by the action of thionyl chloride to the 
corresponding acyl halides which were subjected to the reaction with diethyl 
ethoxymagnesiummalonate and the subsequent acidolysis with the formation of the 
appropriate methyl ketones1. With the use of the modified Wittig reaction2 and 
dimethyl methoxycarbonylmethanephosphonate or diethyl ethoxycarbonylmethane-
phosphonate as agents, 2-tridecanone was converted into methyl 3-methyl-2-tetrade-
cenoate3 and the corresponding ethyl ester I. Methyl 3-methyl-2,13-tetradecadienoate 
(II) was prepared analogously from 12-tridecen-2-one. Methyl 3-methyl-2-tridece-

R 1 — C H 2 ( C H 2 ) 7 C H 2 C = C H C O O R 2 R 1 — CH 2 CH 2 C—CHCOOR 2 

CH 3 

/, R 1 = R2 = C 2 H 5 IV, RL = CH 3 (CH 2 ) 7 , R2 = CH 3 

II, R 1 = C H = C H 2 , R 2 = CH 3 R 1 = ( C H 3 ) 2 C = C H ( C H 2 ) 2 C ( C H 3 ) = C H , 
R 2 = CH 3 

III, RL = R2 = CH 3 XI, R 1 = (CH 3 ) 2 C=CH(CH 2 ) 2 CH(CH 3 )CH 2 , 

V, R 1 = H, R 2 = C 2 H 5 XV, R 1 = (CH 3 ) 2 CH(CH 2 ) 3 CH(CH 3 )CH 2 , 
R 2 = CHI 

Part XXVII in the series Natural and Synthetic Materials with the Insect Hormone Activ-* 
ity; Part XXVI: This Journal 41, 479 (1976). 
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noate( l l l ) and methyl 3-decyl-2-methyl-3-butenoate (IV) were obtained from 2-dode-
canone as follows. Reaction with dimethyl methoxycarbonylmethanephosphonate 
yielded the ester III; the Reformatsky reaction with methyl 2-bromopropionate and 
the subsequent dehydration of the resulting hydroxy compound by the action of 
phosphorus oxychloride in pyridine afforded the ester IV. Ethyl 3-methyl-2-dode-
cenoate (V) was prepared from 2-undecanone by the Wittig reaction with ethoxy-
carbonylmethylenetriphenylphosphorane4. 

Compounds VI—IX andXfKwere prepared from 2,5,9-trimethyl-2,4,8-decatrienal:> 

as follows. Reaction with methoxy- and ethoxycarbonylmethylenetriphenylphos-
phorane afforded the corresponding methyl (VI) and ethyl (VII) ester of 4,7,11-
trimethyl-2,4,6,10-dodecatetraenoic acid. Reaction with methoxycarbonylethyli-
denetriphenylphosphorane6 yielded methyl 2,4,7,1 l-tetramethyl-2,4,6,10-dodeca-
tetraenoate (VIII). When treated with methylmagnesium bromide, the above trienal 
afforded a secondary alcohol which was oxidised with manganese dioxide7 to 3,6,10-
-trimethyl-3,5,9-undecatrien-2-one. This ketone was hydrogenated over palladium on 
active charcoal as catalyst to the corresponding hexahydro derivative; the reaction of 
methoxycarbonylmethylenetriphenylpliosphorane with the original and hydrogenated 
ketone afforded methyl 3,4,7,1 l-tetramethyl-2,4,6,10-dodecatetraenoate (IX) and 
methyl 3,4,7,1 l-tetramethyl-2-dodecenoate (XIV), resp., in a low yield. The esters IX 
and XIVwere also prepared from the appropriate ketones by the Reformatsky reaction 
with methyl bromoacetate and dehydration of the resulting hydroxy compounds by 
the action of phosphorus oxychloride in pyridine, but were accompanied (as shown 
by infrared spectra) by isomers, the double bond of which is not conjugated. 

CH, CH, CH, R1 R2 

I I I I I CH3C=CH(CH2)2C=CHCH=C C=C—COOR3 

VI, R1 = R2 = H, R3 = CH3 

VII, R1 = R2 = H, R3 = C2H5 

VIII, R 1 = H, R 2 = R 3 = C H 3 

IX, R1 = R3 = CH3, R2 = H 

CH3 CH3 CH3 R1 R2 

I I I I I 
CH3CH(CH2)3CH(CH2)2CH—c=c—cooch3 

XII, R1 = R2 = H 
XIII, R l = H, R 2 = C H 3 

XIV, R1 = CH3, R2 = H 

Compounds X, XI, and XKwere prepared from the corresponding methyl ketone 
by the Reformatsky reaction with methyl or ethyl 2-bromopropionate, followed by 
dehydration of the resulting hydroxy compounds by the action of phosphorus oxy-
chloride in pyridine. Thus, 6,10-dimethyl-5,9-undecadien-2-one afforded methyl 
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2,7,ll-trimethyl-3-methylene-6,10-dodecadienoate (X), 6,10-dimethyl-9-undecen-2-one 
yielded ethyl 2,7,ll-trimethyl-3-methylene-10-dodecenoate (XI), and 6,10-dimethyl-
-2-undecanone furnished methyl 3-(4,8-dimethylnonyl)-2-methyl-3-butenoate (.XV). 
The Wittig reaction of 2,5,9-trimethyldecanal with methoxycarbonylmethylenetri-
phenylphosphorane or methoxycarbonylethylidenetriphenylphosphorane was used in 
preparation of methyl 4,7,1 l-trimethyl-2-dodecenoate ( X I I ) and methyl 2,4,7,11-
tetramethyl-2-dodecenoate ( X I I I ) , resp. The starting 2,5,9-trimethyldecanal was pre-
pared by hydrogenation of 2,5,9-trimethyl-2,4,8-decatrienal diethyl acetal overPd on 
active charcoal as catalyst and the subsequent liberation of the free aldehyde. Methyl 
5,9-dimethyl-2,4,8-decatrienoate ( X V I ) was prepared from citral and methoxy-
carbonylmethylenetriphenylphosphorane. From 6,10,14-trimethyl-5,9,13-pentadeca-
trien-2-one and ethoxycarbonylmethylenetriphenylphosphorane, the ethyl 3,7,11,15-
-tetramethyl-2,6,10,14-hexadecatetraenoate ( X V I I ) was obtained. The preparation 
of esters XVI and XVII has been performed ea r l i e r 8 - 1 0 . 

Compounds IV, X, XI and XV obtained by the Reformatsky reaction of ketones 
with alkyl 2-bromopropionates and the subsequent dehydration of the resulting 
hydroxy compounds, were not homogeneous. As shown by infrared spectra, the main 
reaction product is represented by esters, the carbonyl group of which is not conju-
gated with the double bond; the presence of a methylene11 double bond was estab-
lished. The esters of a,P-unsaturated acids constitute the minor reaction product 
(10 — 20%). The structure of compound XI was established by ] H - N M R spectral 
measurements. 

E X P E R I M E N T A L 

The IR spectra were taken in te t rachloromethane. The 1 H - N M R spectrum was measured in deute-
r iochloroform (tetramethylsilane as internal s tandard) . The chemical shifts are expressed in d 
(p.p.m.), the coupling constants are given in Hz. Column chromatographies were per formed 
on silica gel partially deactivated with 12% water. Gas chromatography was carried out on a Pye 
Argon Chromatograph with a radioactive ionisation detection. 

3,6,10-Trimethyl-3,5,9-undecatrien-2-ol 

Bromomethane was introduced into a mixture of magnesium shavings (1-22 g), 1,2-dibromo-
ethane (0-1 g), and ether (50 ml). When the reaction was over, a solution of 2,5,9-trimethyl-
-2,4,8-decatrienal (9-6 g) in ether (50 ml) was added dropwise, the whole mixture refluxed for 
1 h, cooled down, decomposed with aqueous a m m o n i u m chloride, and processed as usual to af-
ford 9-5 g of the title trienol, which was redistilled at 100— 110°C/0 05 Torr (bath temperature) . 

3,6,10-Trimethyl-3,5,9-undecatrien-2-one 

A mixture of 3,6,10-trimethyl-3,5,9-undecatrien-2-ol (6 0 g), powdered active manganese dioxide.7 

(50 g), and light petroleum (b.p. 40—45°C; 150 ml) was stirred at 20—25°C for 10 h. The reaction 
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course was checked by thin-layer chromatography. When the reaction was over, the solid port ion 
was filtered off and washed with light petroleum. The filtrate and washings were evaporated and 
the residue distilled at 100— 110°C/005 Torr (bath temperature) to afford 4 g of the title ketone. 

3,6,10-Trimethyl-2-undecanone 

3,6,10-Trimethyl-3,5,9-undecatrien-2-one (2 0 g) was hydrogenated over 5% pal ladium on active 
charcoal catalyst (0-2 g) in ethanol (20 ml). Usual work-up yielded 1-8 g of the title ketone distil-
ling at 100— 105°C/0-05 Torr (bath temperature) . 

Preparat ion of Esters 1, II and III 

A solution prepared f rom sodium (0-12 g) and methanol or ethanol (2 ml each) was added drop-
wise in an inert a tmopshere at 20— 30°C to a solution of dimethyl methoxycarbonylmethanephos-
phonate (1-0 g) or diethyl e thoxycarbonylmethanephosphonate (1-23 g) in d imethylformamide 
(15 ml). The mixture was stirred at room temperature for 1 h and then the appropr ia te ketone 
(5 mmol) was added. The whole mixture was heated at 70—80°C for 4—6 h, decomposed with 
water, and extracted with light petroleum. The extract was processed as usual to afford the crude 
ester which was purified by chromatography on 30 parts (by weight) of silica gel with the use 
of 95 : 5 light pe t ro leum-ether as eluant. Yields, about 75%. This procedure was used to prepare 
ethyl 3-methyI-2-tetradecenoate ( / ) , methyl 3-methyl-2,13-tetradecadienoate (II), and methyl 
3-methyl-2-tridecenoate (III). 

Preparat ion of Esters V, IX, XIV, and XVII 

A mixture of the appropr ia te ketone (4 mmol) , e thoxycarbonylmethylenetr iphenylphosphorane 
(2-3 g) or methoxycarbonylmethylenetr iphenylphosphorane (2-2 g), benzoic acid (0-2 g), and 
dry benzene (20—30 ml) was refluxed under nitrogen for 20 h. Another port ion of ethoxy- or 
methoxycarbonylmethylenetr iphenylphosphorane (1-1 g each) and benzoic acid (0T g) was then 
added and the reflux continued for 20 h. The reaction course was checked by thin-layer chromato-
graphy. When the starting ketone disappeared or when the composi t ion of the reaction mixture 
was constant , the benzene was evaporated and the viscous residue repeatedly t r i turated with light 
petroleum. The extracts were processed as usual and the crude residues chromatographed on 30 
parts (by weight) of silica gel with the use of 95 : 5 light pe t ro leum-ether as eluant. Yields, 25 — 60%. 
This procedure was used to prepare ethyl 3-methyl-2-dodecenoate (V), methyl 3,4,7,11-tetra-
methyl-2,4,6,10-dodecatetraenoate (/A'), methyl 3,4,7,1 l - te tramethyl-2-dodecenoate (XIV), and 
ethyl 3,7,11,15-tetramethyl-2,6,10,14-hexadecatetraenoate (XVII). 

Preparat ion of Esters VI, VII, VIII, XII, XIII, and XVI 

A mixture of the appropr ia te aldehyde (4 mmol) , methoxy- or ethoxycarbonylmethylenetr iphenyl-
phosphorane (2-2 g and 2-3 g, resp.), benzoic acid (0-2 g), and benzene (20 — 30 ml) was refluxed 
under nitrogen for 8 h and then processed analogously to the preceding paragraph. The resulting 
crude esters XII, XIII, and XVI were purified by chromatography on silica gel (30 parts by weight) 
with the use of 95 : 5 light pe t ro leum-ether as eluant. The crude esters VI, VII, and VIII were 
subjected to fract ional distillation. Yields, 50—80%. This procedure was used to prepare methyl 
(VI) and ethyl (VII) 4,7,1 l- tr imethyl-2,4,6,10-dodecatetraenoate, methyl 2,4,7,11-tetramethyl-
-2,4,6,10-dodecatetraenoate ( V I I I ) , methyl 4,7,1 l- t r imethyl-2-dodecenoate (XII), methyl 2,4,7,11-
-tetramethyI-2-dodecenoate (XIII), and methyl 5,9-dimethyl-2,4,8-decatrienoate (XVI). 
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T A B L E I 

Elemental Analyses and Boiling Points of Esters I—XVII 

Formula Calculated/Found fi p a 

(m.w.) % c % H °C/Torr 

/ C 1 7 H 3 2 O 2 76-06 12-02 1 2 5 - 1 3 5 
(268-4) 76-00 11-93 0-01 

II C 1 6 H 2 8 O 2 76-14 11-18 1 2 0 - 1 3 0 
(252-4) 76-28 11-36 0-01 

III C15H28°2 74-95 11-74 1 1 0 - 1 1 5 
(240-4) 74-87 11-80 0-01 

IV 75-53 11-89 1 1 0 - 1 2 0 
(254-4) 75-88 11-97 0-01 

V C1 5H28°2 74-95 11-74 1 0 5 - 1 1 5 
(240-4) 75-05 11-78 0-01 

VI C16H24°2 77-37 9-74 1 1 5 - 1 2 5 
(248-4) 77-25 9-77 0-01 

VII C17H26°2 77-81 9-99 1 1 5 - 1 2 5 
(262-4) 77-55 9-87 0-01 

VIII C 1 7 H 2 6 O 2 77-81 9-99 1 2 0 - 1 3 0 
(262-4) 77-56 9-93 0-01 

IX C17H26°2 77-81 9-99 1 2 5 - 1 3 5 
(262-4) 78-14 9-97 0-01 

X c , 7 H 2 8 O 2 77-22 10-67 1 1 7 - 1 2 5 
(264-4) 77-52 10-67 0 0 1 

XI C18H32°2 77-09 11-50 9 8 - 1 1 0 
(280-4) 76-86 11-39 0-008 

XII C16H30°2 75-53 11-89 1 0 5 - 1 1 0 
(254-4) 75-26 11-76 0-01 

XIII C I 7 H 3 2 O 2 76-06 12-02 1 1 0 - 1 1 5 
(268-4) 76-30 12-00 0-01 

XIV C17H32°2 76-06 12-02 1 1 5 - 1 2 0 
(268-4) 76-32 11-90 0-01 

XV C17H32°2 76-06 12-02 1 1 5 - 1 2 0 
(268-4) 76-09 11-93 0-01 

XVI 3 H 2 0 O 2 74-95 9-68 9 5 - 1 0 5 
(208-3) 75-30 9-47 0-01 

XVII ^22^36^2 79-46 10-91 1 4 0 - 1 5 0 
(332-5) 79-73 11-07 0-01 

" Bath temperature was measured. 
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Preparat ion of Esters IV, IX, X, XI, XIV, and XV 

To a suspension of activated zinc (0-65 g) in benzene (20 ml) there was added a por t ion (with 
heating, to induce the reaction) and then the remainder of a mixture of the appropr ia te ketone 
and the corresponding alkyl b romoalkanoa te (0 01 mol each). The mixture was refiuxed for 
2 —3 h and processed as usual to afford the crude hydroxy compound which was added drop-
wise into a mixture of phosphorus oxychloride (1-6 ml), pyridine (12 ml), and benzene (20 ml). 
The whole mixture was heated at 70—80°C for 2 h, poured into iced water, extracted with ether, 
and the extract worked up. The crude product was purified by chromatography on silica gel (30 to 
60 parts by weight) with the use of 95 : 5 light pet roleum-ether as eluant; a partial separat ion 
of the conjugated and nonconjugated ester was observed. Yields, 35 — 50%. This procedure 
was used to prepare methyl 3-decyl-2-methyl-3-butenoate (IV), methyl 3,4,7,11 -tetramethyl-
-2,4,6,10-dodecatetraenoate (IX), methyl 2,7,1 l- tr imethyl-3-methylene-6,10-dodecadienoate (X), 
ethyl 2,7,1 l- tr imethyl-3-methylene-10-dodecenoate (XI), methyl 3,4,7,1 l - tetramethyl-2-dodeceno-
ate (XIV), and methyl 3-(4,8-dimethylnonyl)-2-methyl-3-butenoate (XV). Compounds IV, X, XI, 
and XV contained as admixture the following isomeric esters: methyl 2,3-dimethyl-2-tridece-
noate ( IVa ) , methyl 2,3,7,1 l- tetramethyl-2,6,10-dodecatrienoate (Xa), ethyl 2,3,7,11-tetramethyl-
-2,10-dodecadienoate (XIa), and methyl 2,3,7,1 l - tetramethyl-2-dodecenoate (XVa). 

Characterisat ion 

Compounds shown in Table 1 were characterised by elemental analysis, IR spectra, and ' H - N M R 
spectra. The purity of specimens was checked by thin-layer chromatography and gas chromato-
graphy (Cellite impregnated with 10% Apiezon L; 1 6 0 - 2 1 0 ° C ) . 

The IR spectra of compounds / , V, VI, VIII, XII, and XVII contained absorpt ion bands due 
to the ester group in conjugat ion with double bond (at about 1710—1720, 1650, and 1160 
c m " 1 ) . The IR spectra of compounds IX and XIV (prepared by the Reformatsky reaction and 
dehydrat ion of the resulting hydroxy compounds) exhibited absorpt ion bands due to an ester 
of the a ,P-unsaturated acid (1720, 1650, and 1 160 c m - 1 ) a long with an absorpt ion band at-
tributable to a nonconjugated ester group (at about 1740 c m - 1 ) . In the nonhomogeneous IR 
spectra of compounds IV, X, XI, and XV, there were observed absorpt ion bands of an ester 
group which was not conjugated with the double bond (at about 1740, 1200, and 1 170 c m - 1 ) 
and absorpt ion bands belonging to the methylene double bond (at about 900, 3 070, and 3 015 
c m - 1 ) . The absorpt ion bands at 1720 and 1 640—1 650 c m " 1 corresponded to the minor com-
ponent of the mixture, i.e., to the ester of an a ,3-unsaturated acid. The structure of ethyl 2,7,1 I-tri-
methyl-3-methylene-I0-dodecenoate ( X I ) was confirmed by measurements of 1 H - N M R spectrum. 

Biological Activity of Esters I— XVII* 

The insect juvenile hormone activity of esters I—XVII was expressed in ID-50 Morph units 
designating such an amount of the test substance in microgrammes per specimen which when 
topically applied to larvae of the last instar causes format ion of half-imaginal species. A weak 
juvenile activity on Pyrrhocoris apterus (10—100 ID-50 Morph units) and Dysdercus cingulatus 
(5 to 1000) was observed with all esters I—XVI in the range given; the esters were almost inactive 
on Graphosoma italicum (100 to 1000) and Tenebrio molitor (500 to 1000). The ester XVII with 
an isoprenoid chain system was the most active. 

* The biological activity of the present esters will be reported in detail elsewhere in collabora-
tion with coworkers of the Insti tute of Entomology, Czechoslovak Academy of Sciences, 
Prague. 
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Elemental analyses were performed in the Analytical Department (Dr J. Horacek, Head) by Mrs 
V. Rusova and Mr V. Sterba. The IR spectra were measured by Mrs K. Matouskova and inter-

preted by Dr J. Smolikova. The H -NMR spectrum was measured and interpreted by Dr M. Maso-
jidkova. The insect juvenile hormone activity assays were performed by Dr K. Slama, Institute 
of Entomology, Czechoslovak Academy of Sciences, Prague. 
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