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A s analogues of the insect juvenile h o r m o n e , s o m e esters and amides of 3 ,7 ,11- and 3,7,10-tri-
methyl-8-thia-2-dodecenoic acid have been prepared. 

In connection witli investigations on relations between the chemical structure and 
biological activity in the field of the insect juvenile hormone analogues it appeared 
of interest to examine the biological** effect accompanying introduction of a sulfur 
atom into the molecule, inter alia in comparison with the corresponding oxa com
pounds which have been prepared earlier^ In the present paper, we wish to report 
preparation of some esters and amides of 3, 7, 11- and 3,7,10-trimethyl-8-thia-2-dode-
cenoic acids (see patent applications^'^). 

The required sulfur-containing intermediates were prepared by the Triton-B-cata-
lysed addition of 3-methylbutanethiol or 2-methylbutanethiol to methyl crotonate, 
lithium aluminum hydride reduction of the resulting 3,7-dimethyl- or 3,6-dimethyl-
-4-thiaoctanoate with the formation of the corresponding 3,7-dimethyl- or 3,6-di-
methyl-4-thiaoctanol, and treatment of these thiaalkanols with triphenylphosphine 
dibromide'^; the resulting l-bromo-3,7-dimethyl- and l-bromo-3,6-dimethyl-4-thia-
octane yielded 6,10-dimethyl-7-tliia-2-undecanone (/) and 6,9-dimethyl-7-thia-2-un-
decaneon ( / / ) , resp., by reaction with ethyl acetoacetate and the subsequent ketonic 
hydrolysis. 

CH3 CH3 CH3 CH3 CH3 CH3 

CH3CHCH2CH2—S—CHCH2CH2CH2CO CH3CH2CHCH2—S—CHCH2CH2CH2CO 

* Part X X V in the series Natural and Synthetic Materials with the Insect H o r m o n e Act iv i ty; 
Part X X I V : This Journal 40, 151 (1975). 
** The biological activity of the present thia substances will be reported elsewhere in col
laborat ion with worker^ of the Entomolog ica l Institute, Czechos lovak A c a d e m y of Sciences , 
Prague. 
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E X P E R I M E N T A L 

Column chromatography was performed o n the Pitra* * silica gel produced by Service Laboratories 
o f this Institute (particle size 60—120| . i unless stated otherwise; extracted before use with 1 : 1 
chloroform-methanol ; activated at 120°C for 24 h; partially deactivated by the addit ion of 12% 
water). Thin-layer chromatography was carried out o n silica gel G (Merck) . Purity of substances 
and the isomeric ratio was determined by gas chromatography on a Pye A r g o n Chromatograph 
apparatus with ionisat ion detection (^°Sr) in co lumns packed with 10% L A C - 6 R - 8 6 0 o n C h r o m o 
sorb W , 15% QF-1 on Chromosorb W , or 3% SE-30 on H M D S Gaschrom P. Mass spectra were 
measured o n a A.E.I . M S 902 apparatus combined with a M o d e l 64 Pye Series 104 gas chromato
graph. The IR spectra were taken in tetrachloromethane o n a U R 10 apparatus (Carl Zeiss, 
Jena). 

Methyl 3 ,7-Dimethyl-4-thiaoctanoate 

3-Methylbutanethiol (30-60 g; 293-6 m m o l ) was treated with 40% methanol ic Triton B (0-5 ml) 
and then dropwise with stirring under argon with freshly distilled methyl crotonate (36-79 g; 
367-5 m m o l ) over 150 min at temperature be low 30°C The whole mixture was stirred at r o o m 
temperature for 6 h, kept overnight, diluted with light petroleum, washed, dried over anhydrous 
magnes ium sulfate, and distilled t o afford 55-78 g (93%) of the title methyl ester, b.p. 121-5 t o 
123-0°C/14 Torr. F o r C10H20O2S (204-3) calculated: 58-78% C, 9-87% H , 15-69% S; found: 
58-80% C, 10-19% H, 15-87% S. IR spectrum ( c m ~ *): 1 7 4 3 , 1 4 3 7 , 1 1 7 0 . 

Methyl 3 ,6-Dimethyl-4-thiaoctanoate 

The title c o m p o u n d (b.p. 110-6—112-6°C/8 Torr) was prepared analogous ly in 41-42 g (86%) 
yield from 2-methylbutanethiol (24-50 g; 235-1 m m o l ) and methyl crotonate (31-95 g; 319-1 m m o l ) . 
For C10H20O2S (204-3) calculated: 58-78% C, 9-87% H , 15-69% S; found: 58-81% C, 9-83% H , 
15-50% S. 

CH-i CH-i CH-j 

I I I 
C H 3 C H C H 2 C H 2 — S — C H C H 2 C H 2 C H 2 0 = C H C O R 

Ilia, R = — O C H 3 IIIc, R = — N H C 2 H 5 
Illb, R = — O C 2 H 5 Illd, R = — N ( C 2 H 5 ) 2 

CH3 C H 3 CH3 

C H 3 C H 2 C H C H 2 — S — C H C H 2 C H 2 C H 2 C = C H C O R 
IVa, R = — O C H 3 IVc, R = — N H C 2 H 5 

IVb, R = — O C 2 H 5 IVd, R = — N ( C 2 H 5 ) 2 

The derivatives Illa—IIId and IVa—IVd were finally prepared from ketones / 
and / / either by reaction with methoxy- and ethoxycarbonylmethylenetriphenylphos-
phoranes^ under catalysis of benzoic acid^ or by reaction with diethyl monoethylami-
nocarbonylmethanephosphonate^ or diethyl diethylaminocarbonylmethanephospho-
na t e« -*^ 

CoUection Czechos lov . Chem. Commun. [Vol. 41] [1976] 
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3,7-Dimethyl-4-thiaoctanol 

Ethereal l i thium a luminum hydride prepared by refluxing 6-32 g (166-6 m m o l ) of L i A l H 4 in ether 
(250 ml) for 30 min and coo l ing d o w n , was treated dropwise under stirring at r o o m temperature 
with methyl 3 ,7-dimethyl-4-thiaoctanoate (56-75 g; 277-7 mmol ) in ether ( 5 0 ml) over 150 min. 
The whole mixture was refluxed for 2 h, c o o l e d d o w n , and decomposed^ ^ by the succesive 
dropwise addit ion of water (6-32 ml) , 15% aqueous s o d i u m hydroxide (6-32 ml) , and water 
(18-96 ml). The salts were filtered off and washed with ether. The ethereal filtrate and washings 
were dried over anhydrous magnes ium sulfate and distilled to afford 45-56 g (93%) of the title 
c o m p o u n d , b.p. 1 2 9 - 1 3 2 - 5 ° C / 1 2 Torr. For C 9 H 2 0 O S (176-3) calculated: 61-31% C, 11-44% H, 
18-18%.S; found: 61-70% C, 11-22% H, 18-13% S. 

3 ,6-Dimethyl-4-thiaoctanol 

The title a lcohol was prepared analogous ly to the preceding c o m p o u n d from methyl 3,6-dimethyl-
-4-thiaoctanoate (42-25 g; 206-8 mmol ) by reduct ion with l i thium a luminum hydride (4-94 g; 
130-2 mmol ) . B.p. 1 2 3 - 1 2 7 ° C / 8 - 5 Torr. Yie ld , 34-59 g (95%). For C 9 H 2 0 O S (176-3) calculated: 
61-31% C, 11-44% H, 18-18% S; found: 61-61% C, 11-47% H, 18-05% S. 

l -Bromo-3 ,7-dimethyl -4- th iaoctane 

3 ,7-Dimethyl-4-thiaoctanoI (38-43 g; 218 m m o l ) and tr iphenylphosphine (62-88 g; 240 m m o l ) 
were successively dissolved under argon in d imethyl formamide (218 ml) and the so lut ion was 
treated dropwise under stirring over 40 min with bromine (38-32 g; 240 m m o l ) in such a manner 
that the temperature did not exceed 40°C. T h e whole mixture was stirred at r o o m temperature 
for 1 h, distilled under diminished pressure, the distillate (up to the boil ing point of 102-5°C/12-5 
Torr) poured into water, and extracted with light petroleum. The extract was washed, dried over 
anhydrous magnes ium sulfate, and distilled t o afford 46-46 g (83%) of the title bromide, b.p. 
1 1 8 - 1 2 2 ° C / 1 2 Torr. For C 9 H i 9 B r S (239-2) calculated: 45-18% C, 8-01% H, 33-41% Br, 13-40% S; 
found: 45-58% C, 8-07% H, 32-80% Br, 13-41% S. 

l -Bromo-3 ,6-dimethyl -4- thiaoctane 

Analogous ly t o the preceding preparation, 3,6-dimethyI-4-thiaoctanol (34-97 g; 198-3 m m o l ) , 
tr iphenylphosphine (57-22 g; 218-2 mmol ) , and bromine (34-87 g; 218-2 m m o l ) yielded 39-71 g 
(84%) of the title bromide, b.p. 1 1 4 - 5 - 1 1 9 - 5 ° C / 8 - 5 Torr. For CgH^gBrS (239-2) calculated: 
45-18% C, 8-01% H, 33-41% Br, 13-40% S; found: 45-86% C, 8-11% H, 32-62% Br, 13-56% S. 

6 ,10-Dimethyl-7-thia-2-undecanone ( / ) 

Ethyl acetoacetate (30-18 g; 231-9 m m o l ) was added dropwise with stirring in the atmosphere 
of argon over 15 min into ethanol ic s o d i u m ethoxide prepared from s o d i u m (5-33 g; 231-9 milli
gramatom) and ethanol (100 ml) . The mixture was kept at r o o m temperature for 10 min and then 
treated with l -bromo-3 ,7-dimethyl -4- th iaoctane (50-44 g; 210-8 m m o l ) over 90 min. The stirring 
was cont inued at r o o m temperature for 2 h and at 90°C for 8 h. The mixture was then kept over
night, heated to 90°C, and treated dropwise over 1 h with 10% aqueous s o d i u m hydroxide (360 ml). 
The stirring at 90°C was cont inued for 4 h, t h e mixture coo led d o w n , diluted with water, and 
extracted with light petroleum. The extract was washed, dried over anhydrous magnes ium sulfate, 
and distilled under diminished pressure through a Vigreux c o l u m n to afford 21-64 g (47%) of the 
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Preparation of C o m p o u n d s 777a, 7776, IVa, and IVb 

The ketones 7 or 77 (2-16 g; 10 m m o l ) a long with methoxy- or ethoxycarbonylmethylenetr i -
phenylphosphoranes ( 5 0 2 g and 5-22 g, resp.; 15 m m o l ) and benzoic acid (0-99 g) were dissolved 
in benzene (30 ml) , the solut ion refluxed under argon for 24 h, and treated with additional phos 
phorane (1-67 g and 1-74 g, resp.; 5 mmol ) , benzoic acid (0-33 g), and benzene (10 ml) . The re
flux was cont inued until the starting c o m p o u n d s 7 and 77 disappeared or until the compos i t ion 
of the mixture was constant (15 — 3 2 h ) , as determined by thin-layer chromatography. The ben
zene was evaporated under diminished pressure, the residue taken into light petroleum, the solu
tion washed, dried over anhydrous magnes ium sulfate, evaporated, and the residue chromato
graphed o n silica gel ( 1 3 0 — 1 3 5 g) in light petroleum-ether (95 : 5 t o 97 : 3). Content of fractions 
was checked by thin-layer chromatography. Identical fractions were poo led , evaporated, and the 
residues distilled from a H i c k m a n flask packed with glass woo l . 

Methyl 3,7,ll-tnmethyl-8-thia-2-dodecenoate ( I l ia ) . Yie ld, 1 0 2 g (37%) of ester 777fl, boi l ing 
at the bath temperature of 1 5 8 — 1 6 6 ° C and at 10 Torr. For C 1 5 H 2 8 O 2 S (272-4) calculated: 
6 6 1 2 % C, 10-36% H, 11-77% S; found; 66-75% C, 1 0 0 7 % H, 11-70% S. Mass spectrum: 2 iso
mers with an identical spectrum, M"*" 272, and identical fragmentation. I R spectrum ( c m ~ * ) : 
1721 , 1650 , 1438, 1 226, 1151 . In addit ion to the product 777a, there was recovered 0-43 g of the 
starting 7. 

Methyl 3,7,lO-trimethyl-S-thia-2-dodecenoate (IVa) T w o portions were obtained differing 
in the ratio of isomers. Dist i l lat ion yielded 1-59 g (63)% of fraction 1 boi l ing at the bath tempera
ture of 122— 132°C and at 0 0 0 6 Torr, and 0-20 g (8%) of fraction 2 boi l ing at the bath temperature 
of 1 1 0 - 120°C and at 0 0 0 6 Torr. Overall yield, 1-79 g (71%). F o r C15H28O2S (272-4) calculated: 
66-12% C, 10-36% H, 11-77% S; found: 66-53% C, 10-31% H, 12-15% S. IR spectrum ( c m " * ) : 
1723 , 1437, 1 2 2 6 , 1 1 5 2 . 

Ethyl 3,7,n-tnmethyl-8-thia-2-dodecenoate ( I l lb ) . Dist i l lat ion yielded 1-97 g (69%) of ester 
7776, boil ing at the bath temperature of 125—130°C and at 0 0 0 5 Torr. F o r C16H30O2S (286-5) 
calculated: 67-08% C, 10-56% H, 11-19% S; found: 67-28% C, 10-32% H, 11-46% S. I R spectrum 
( c m ~ * ) : 1715 , 1649 , 1223 , 1148 . 

Ethyl 3,7,\Q-trimethyl-8-thia-2-dodecenoate (IVb). T w o portions were obtained differing in the 
ratio o f isomers. Dist i l lat ion yielded 1-64 g (62%) of fraction 1 boi l ing at the bath temperature 
of 122—127°C and at 0 0 0 6 Torr, and 0-31 g (12%) of fraction 2 boil ing at the bath temperature 
of 1 2 5 - 130°C and at 0-006 Torr. Overall yield, 1-95 g (74%). For C16H30O2S (286-5) calculated: 

Collect ion Czechoslov . Chem. Commun. [Vol. 41] [1976] 

ketone / , b.p. 78-5°C/0-01 Torr to 7 8 7 0 - 0 0 8 Torr. For C12H24O2S (216-4) calculated: 66-61% C, 
11-18% H, 14-82% S; found: 66-65% C, 11-34% H, 15-07% S. IR spectrum ( c m ~ * ) : 1718 , 1360. 

6 ,9-Dimethyl-7-thia-2-undecanone (77) 

Analogous ly to preparation of c o m p o u n d 7, l -bromo-3 ,6-dimethyl -4- thiaoctane (41-74 g; 174-5 
mmol ) , ethyl acetoacetate (26,11 g; 200-7 m m o l ) , and s o d i u m (4-41 g; 191-9 mi l l igramatom) 
in ethanol (90 ml) yielded 21-76 g (58%) of ketone 77, b.p. 74—76°C/0 -006 Torr. A s s h o w n by gas 
chromatography and mass spectrometry, the product was contaminated with the starting bromide. 
The specimen for elemental analysis was therefore chromatographed on silica gel in light petro
leum-ether (93 : 7). For C12H24O2S (216-4) calculated: 66-61% C, 11-18% H, 14-82% S; found: 
66-56% C, 11-14% H, 14-52% S. 
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67-08% C , 10-56% H, 11-19% S; found: 66-99% C, 10-39% H, 11-54% S. I R spectrum ( c m ~ ^ ) : 
1718 , 1650 , 1225 , 1150 . 

N - M o n o e t h y l a m i d e of 3,7,1 l -Trimethyl-8-thia-2-dodecenoic Ac id ( / / / c ) 

In to a solut ion of diethyl monoethy laminocarbony lmethanephosphonate (2-69 g; 12 m m o l ) 
in d imethyl formamide (20 ml) there was added dropwise over 10 min with stirring in an a tmo
sphere of argon ethanolic s o d i u m ethoxide prepared from sod ium (0-28 g; 12 mil l igramatom) 
and ethanol (6 ml). The mixture was stirred at r o o m temperature for 1 h and then treated drop-
wise over 10 min with the ketone 7 (2-16 g; 10 mmol ) . The whole mixture was stirred at r o o m 
temperature for 6 h and at 75 —80°C for 7 h, coo led d o w n , poured into water, and extracted 
with light petroleum. The extract was washed, dried over anhydrous magnes ium sulfate, evaporat - . 
ed, and the residue chromatographed o n silica gel (110 g) in light pe tro leum-ace tone ( 9 : 1 ) 
into three fractions differing in the spot posi t ion (thin-layer chromatography in 4 : 1 light petro
l eum-ace tone ) . These fractions were separately distilled from a H i c k m a n flask packed with glass 
woo l to afford 1-115 g (39%) of fraction Illcy boi l ing at the bath temperature of 140—150°C 
and at 0 004 Torr, 0-640 g (22%) of fraction /77c2 boil ing at the bath temperature of 1 4 0 — 1 5 0 ° C 
and at 0-004 Torr, and 0-735 g (26%) of fraction 777c3 boil ing at the bath temperature of 150 to 
167°C and at 0-004 Torr (overall yield, 2-490 g i.e. 87%). For C i g H j i N O S (285-5) calculated: 
67-31% C, 10-95% H, 4-91% N , 11-23% S; found (777ci): 67-11% C, 10-86% H, 5 03% N , 11-50% S; 
f o u n d r777c2): 67-26% C, 11-01% H , 4-94% N , 11-40%S; found (777C3) : 67-26% C, 10-97% H, 
4-93% N , 11-09% S. IR spectrum ( c m ~ ^ ) : 3450 , 3420 , 1668 , 1640 (777ci and 777c2); 3450 , 3420 , 
1 675, 1 668, 1640 ( 7 7 7 C 3 ) . 

N , N - D i e t h y l a m i d e of 3,7,1 l -Trimethyl-8-thia-2-dodecenoic Ac id (7/7^ 

The title c o m p o u n d Illd was prepared analogous ly to the amide /77c from the ketone / (2-16 g; 
10 mmol ) , diethyl d ie thy laminocarbonylmethanephosphonate (2-76 g; 11 m m o l ) , and ethanol ic 
s o d i u m ethoxide obtained from s o d i u m (0-25 g; 11 mil l igramatom) and ethanol (5 ml) . C h r o m a t o 
graphy o n silica gel (220 g) in light pe tro leum-ace tone (95 : 5) afforded three fractions differing 
in the pos i t ion of the thin-layer-chromatographic spot (in 9 : 1 light petroe lum-acetone) , namely , 
0-38 g (14%) of fraction Illd^ boi l ing at the bath temperature of 1 2 5 — 1 3 5 ° C and at 0 0 0 4 Torr, 
1-05 g (39%) of fraction ///fi?2 boil ing at the bath temperature of 135—145°C and at 0 0 0 4 Torr, 
and 0-92 g (35%) of fraction Illd^ boil ing at the bath temperature of 135—145° and at 0 0 0 4 Torr 
(overafl yield, 2-35 g i.e. 88%). For C 1 8 H 3 5 N O S (313-5) calculated: 68-95% C, 11-25% H, 4 -47%N, 
10-23% S; found ( / / / f / j ) . 68-65% C, 11-27% H, 4-47% N , 10-46% S; found (///J2). 68-76% C, 
11-30% H , 4-42% N , 10-33% S; found (Illd^)- 69-31% C, 11-36% H , 4-04% N , 10-64% S. I R 
spectrum ( c m ~ ^ ) : 1648 , 1629 with small differences in the fingerprint region of c o m p o u n d s 
I I Id ^~ I I Id^. 

N - M o n o e t h y l a m i d e of 3 ,7,10-Trimethyl-8-thia-2-dodecenoic Ac id {IVc) 

Into a suspension of s o d i u m hydride (content , 70%; 0-377 g; 11 m m o l ) in peroxide-free 1,2-di-
methoxyethane (20 ml) there was added dropwise over 10 min with stirring and under argon 
diethyl monoethy laminocarbony lmethanephosphonate (2-79 g; 12-5 m m o l ) and the mixture 
was stirred at r o o m temperature for 1 h. The ketone / / ( 2 1 6 g; 10 m m o l ) was then added drop-
wise and the stirring cont inued at r o o m temperature for 1 h and at 60°C for 4 h. The react ion 
mixture was processed analogous ly to preparation of c o m p o u n d IIIc. Chromatography of the 
crude residue on silica gel (220 g) in light pe tro leum-ace tone (92 : 8) afforded four fractions 
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differing in .the pos i t ion of the thin-layer chromatographic spots (in 4 : 1 light petro leum-acetone) : 
0-48 g (17%) of fraction IVc^ boil ing at the bath temperature of 154— 170°C and at 0 0 0 8 Torr, 
0 0 9 g (3%) of fraction IVc2 boil ing at the bath temperature of 157—170°C and at 0 0 0 8 Torr, 
1-43 g (50%) of fraction IVc^ boil ing at the bath temperature of 160— 170°C and at 0 0 0 8 Torr, 
and 0 1 5 g (5%) of fraction IVc^, boi l ing at the bath temperature of 163 — 172°C and at 0 0 0 8 Torr 
(overall yield, 2-15 i.e. 75%). For C i g H j i N O S (285-5) calculated: 67-31% C, 10-95% H, 4-91% N , 
11-23% S; found: 67-18% C, 11-08% H , 5 0 9 % N , 11-61% S. Infrared spectrum ( c m ~ * ) : 3 4 0 0 , 
1669, 1640 , 1 549, 1535 , 1 512, 1504 with small differences in the fingerprint region of particular 
c o m p o u n d s IVc-^—IVc^. 

N , N - D i e t h y l a m i d e of 3 ,7,10-Trimethyl-8-thia-2-dodecenoic Acid (IVd) 

The title IVd was prepared analogously to c o m p o u n d IVc from the ketone / / ( 2 1 6 g; 10 m m o l ) , 
diethyl d ie thylaminocarbonylmethanephosphonate (3-02 g; 12 mmol ) , and s o d i u m hydride 
(0-377 g; 11 mmol; content , 70%). Chromatography on silica gel (230 g; particle size, 30—60| . i ) 
in light petro leum-acetone (95 : 5) afforded three fractions differing in their thin-layer c h r o m a t o 
graphic Rp value, namely, 0-71 g (23%) of fraction IVdi boil ing at the bath temperature of 146 to 
160°C and at 0 0 0 8 Torr, 0 1 9 g (6%) of fraction IVd2 boi l ing at the bath teniperature of 151 to 
160°C and at 0 0 0 7 Torr, and 2-64 g (55%) of fraction IVd^ boi l ing at the bath temperature 
of 155—165°C and at 0-007 Torr (overall yield, 2-64 g i.e. 84%). For C i g H g s N O S (313-5) cal
culated: 68-95% C, 11-25% H, 4-47% N , 10-23% S; found: 69-25% C, 11-40% H , 4-36% N , 10-63% 
S. IR spectrum ( c m ~ * ) : 1650 , 1630 with small differences in the fingerprint region of the parti
cular c o m p o u n d s 7 F(^i—/Fii3. 

Elemental analyses were performed in the Analytical Department (Dr J. Hordcek, Head) of this 
Institute by Mrs V. Rusovd, Mrs E. Sipovd, Mrs E. Sykorovd, Mrs A. Fronkovd, and Mr V. Sterba. 
Infrared spectra were measured by Mrs K. Matouskovd and Mr P. Formdnek, and interpreted 
by Dr J. Smolikovd. Mass spectra were measured and interpreted by Dr K. Ubik, The technical 
assistance of Mrs V. Kalvodovd is gratefully akcnowledged. 


