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Abstract: First total synthesis of {2E,4E,8E,10Z)-N-(2-methyl propyl)-2,4,8,10-dodecatetracne
armde (1), by the condensation of (4E,6Z)-octadienyl phenyl sulfone (2) and ethyl-4-
oxobutanoate (3) followed by double elimination reaction, which involves easily accessi-
ble reagents and simple transformations is described.

(2E,4E)-Dienamides constitute an important class of compounds occurring widely in a number
of plants showing interesting insecticidal and pharmacological activitles]. Several lipid amides
of this general type are plant products and have been 1dem.1fled2 from the families of Compositeae,
Rutaceae, Piperaceae etc. In 1986, a mosquito larvicidal compound 1 has been 1solatcd3 from Spilan-
thes mauritiana which 1s traditionally used for the treatment of toothache and diarrhoea in addition
1o control the population of Anopheles mosquitoq’j. Its structural features, pharracological activity,
and the occurrence of this unstable amide often in small amounts from natural sources of difficult
access, prompted us to develop a method for the preparation of 1 1n large quantitics, so as to
enable 1ts biological activity to be established. Hereimn, we report the first stereoselective synthesis
of the title compound | using easily accessible reagents and starting materials.

The retrosynthetic strategy {schemc 1) for the preparation of | emerged by the synthetic
utilisation of the base induced double elimination of B-hydroxy sulfone to generate the (2E€,4L)-diena-

mide systcmé. Thus, 2 and 3 are the key intermediates 1n the synthesis of L.

Scheme -1
H
/SIAAM = SAAA s
0 CO2H
1
- 0
0
= — 50¢Ph OHC
/ — /T WV ¢+ M os
SOQPh 2

Accordingly, compound 2 was prepared from {2E.)-penten—¢—yn-l-ol7 (4) (scheme 2). Thus,
alkylation of 5, prepared by the treatment of 4 with dihydropyran in dichloromethane containing
toluene-p-sulfonic acid (PTSA), with methyl 1odide 1n the presence of n-BuL: in THFE-HMPA afforded
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6 in 85% vyield. The tetrahydropyrany! ether 6, on treatment with dibromcnri;:uhenyIphosphorane8
was directly converted to the corresponding bromide 7 (63% yield). A phase transfer catalysed
alkylation of diethyl malonate with 7, in the presence of Aliquat-336, 15% aq NaOH-CHZClz resul-
ted 8 (87%), which on subsequent decarboxylation under the conditions of sodium cyanide in dimethyl-
sulfoxide9 yielded the mono ester 9. Sequential reduction of 9 with lithium aluminium hydride
(LAH) and catalytic hydrogenation with Lindlar's catalyst gave 11 in 70% yield. Finally the alcohol

11 on reaction with phosphorus tribromide in ether was transformed into 12 in 50% yieid.
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Alternatively, 12 was prepared, starting from l,4-butanediol (Scheme 3). Thus, oxidation

of the known10 1-tetrahydropyranyloxy-4-butanol with pyridinium chlorochromate (PCC) in CH2C12

Scheme-3
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furnished aldehyde 13, which on reaction with (carboethoxymethylene) triphenyl phosphorane in
benzene afforded a,B-unsaturated ester 1& in 62% yield. Reduction of 14 with DIBAL-H in CH2C12
and subsequent oxidation of generated allyl alcohol 15 (97%) with PCC in CHZCI2 gave a ,B-unsatura-
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ted aldehyde 16 in 75% yield. Wittig condensation of 16 with ethyl triphenylphosphorane (generated
from ethyl triphenylphosphonium bromide, NaNHz) in THF afforded 17 (62%). The THP ether in
17, on reaction with triphenylphosphine and bromine in CHZCI2 was directly converted into bromide
12, which on further reaction with sodium phenylsulfinate in ethanol at 50° provided the key interme-
diate sulfone 2 in 64% yield.

”, the next aim was the coupling of 2 and

Having obtained the required fragments 2 and 3
3 and their further transformation into dienamide segment as depicted in scheme 4. Thus, lithiation
of sulfone 2 and subsequent treatment with 3 resulted the hydroxy sulfone 18, which was immedia-

tely transformed into the lactone 19, on reaction with PTSA in refluxing benzene.

Scheme- 4
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The crucial double elimination reaction of 9 was effected smoothly with potassium tertiary-
butoxide (KOBut). Thus, reaction of 19 with KOBut In t-butanol at room temperature for 12 h
successfully afforded the acid 20. Treatment of 20 with isobutylamine in the presence of carbonyl
diimadazole in THF, finally gave the amide in 52% yield, whose spectral data was in comparision
with reported3 data.

Thus, in conclusion this paper reports a simple and efficient synthesis of the title compound
1 1n good yield, by the utihsation of double elimination method to generate the dienamide system
successfully. The samec approach for the synthesis of related compounds 1s in progress in this labo-

ratory.
EXPERIMENTAL

IR spectra were recorded on Perkin-Elmer 683 or 1310 spectrometers. lH NMR spectra
were recorded on Varian FT-80A or Jeol PMX-90 or Bruker AM 300 spectrometers, using TMS
as internal standard. Mass spectra were reocrded on either micromass 7070H or Finnigan Mat 1020B

mass spectrometers opcrating at 70 eV and molecular weights determined by Cl technique.
(2E)-1-(Tetrahydro-2H-pyran-2-yl)oxy-hexen-4-yne (6):

A cooled (-60°) and stirred solution of 5 (10.4 g, 62.6 mmol) in THF-HMPA (150 ml + 50
m! 3:1) was treated with 1.28N hexane solution of n-BuLi (58.7 mi, 75.18 mmol) dropwise for 30

min. After 90 min. methyl iodide (8.99 ml) was added and allowed to stir at -60° for 2 h. It was
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then allowed to reach room temperature and quenched with aq.NHQCl solution. Aqueous layer
was extracted with CHCl3 and organic layer was washed with water, brine, dried (NaZSOQ) and
evaporated. The residue obtained was purified by chromatography (silica gel, 5% ethyl acetate
in hexane) to give 6 (9.6g) as a liquid in 85% yield. 'H NMR (CDCIB): §1.2-1.8 (br m, 6H}, 1.9
(d, 3H), 3.4-4.2 (m, 4H), 4.65 (br.s, 1H), 5.68 (dd, IH, J=15.3 Hz), 6.02 (dt, 1H, J=15.3 Hz, 6.1 Hz).
IR (Neat): 2220 (C C) and 960 (CH:=CH) cm'l. Analysis

Analysis calc. for C H16 : C, 73.30; H, 8.95. Found: C, 73.0; H, 9.2%.

(2E)-1-Bromo-hexen-4-yne (7):

To a freshly prepared triphenylphosphine dibromide complex [prepared from triphenylphosphine
(4.56 g, 17.4 mmol) by the addition of bromine (0.9 ml, 17.4 mmol) in CH2Cl2 (48 ml)] at 0° a
solution of 6 {l.44 g, 7.8 mmol) in CH,Cl, (4.5 ml) was added and allowed to stir for 3 h. The
recaction mixture was quenched with water and organic layer was separated. It was washed with
water, brine, dried (Na;,SOQ) and evaporated under reduced pressure. Purification of the residue
by column chromatography (silica gel, 2% acetone in pet.ether) gave the bromide 7 (0.81 g) as
a liquid m 63% yield. lH NMR(CDCIB): § 1.85 (d, 3H), 3.9 (d, 2H), 5.58 (dd, [H), 6.08 {dt, IH).

(4E)-Ethyl(1-ethoxycarbonyl)-octen-6-ynoate (8):

A cooled (0°) and stirred solution of 7 (0.480 g, 3 mmol), diethyl malonate (0.480 g, 3 mmol)
and Aliquat-336 (0.120 g, 0.3 mmol) in CHZCI2 (10 ml) was treated with cold 15% aq.NaOH solution
(10 ml) for 2 h. Organic layer was separated, washed with water and dried (NaZSOQ). Evaporation
of the solvent and purification of residue by column chromatography (silica gel, 2% acetone in
pet. cther) afforded 8 (0.58 g} as a hquid in 87% yield. Iy NMR(CDCIS):S 1.25 (t, 6H), 1.9 (d,
3H), 2.65 {(t, 2H), 3.48 (t, 1H), 4.28 (q, 4H), 5.6 {dd, 1H), 6.0 (dt, i1H). IR{Neat): 1720 em”! (C=0).

T 238,

Analysis calc. for C .H O C, 65.53; H, 7.6]. Found: C, 65.8; H, 7.4%.

137718

(8E)-Ethyl-octen—é-ynoate {9):

A solution of the ester 8 (0.0476 g, 2 mmol)} and sodium cyanide (0.146 g, 3 mmol} in DMSO
(1.7 ml) was heated at 120° for 3 h. It was cooled to room temperature, poured on to ice and extrac-
ted with hexane. Orgamic layer was washcd with water, dried (\d SO) and evaporated to give
9 as a hquid (0.340 g) in quantitative yield. H NMR(CDCI ) §1.25 (t, BH], 1.88 (d, 3H), 2.3 (dist.t,
2H), 2.65 (1, 2H), 4.2 (g, 2H), 5.48 {(dd, 1H), 6.0 (dt, IH), 1R(Ncat). 1720 cm’ (C Q). M" 166.
Analysis calc. for CIZHMOZ: C, 72.26; H, 8.49. Found: C, 72.0; H, 8.2%

{4E)-Octen-6-ynol {10):

To a stirred ang cooled (0°) suspension of LAH (0.380 g, 10 mmol) in ether (20 ml) a solution
of 9 (1.66 g, 10 mmol) in ether {5 ml) was added and strred at room temperature. After 4 h, the
reaction mixture was quenched with 1ce cold water and cxtracted with cther. The organic layer

was washed with water, brine and dried (NazSOQ). Removal of solvent under reduced pressure resul-
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ted 10 (1.2 g) as a lig. 10 quantitative yield. lH NMR(CDCl3): § 1.54 (m, 2H), 1.81 (d, 3H), 2.10
(t, 2H), 3.63 (t, 2H), 5.4 (dd, IH), 6.1 (dt, 1H). IR {Neat): 3320 C!.’n_l (OH).

(4E,6Z)-Octadienol (11):

A mixture of 10 (0.62 g) and Lindlar's catalyst (0.060 g) in hexane (10 ml} containing 2 drops
of quinoline was subjected to hydrogenation at room temperature. After the absorption of required
amount of hydrogen the suspension was filtered and washed with hexane. Evaporation of solvent
under reduced pressure and purification of the residue by chromatography (silica gel, 2% acetone
in pet.ether) gave 1l (0.44 g) as a hqud i 70% yield. Ty NMR(CDCIB): § 1.3-1.9 (m, 5H), 2.18
(t, 2H), 3.68 (t, 2H), 5.4 (dd, 1H, J=10, 7.6 Hz), 5.65 {dd, IH, I=10, 7.6 Hz), 6.0 (dd, IH, J=15.3,
7.6 Hz), 6.3 (dt, IH, H=15.3, 6.1 Hz). IR(Neat): 3300 et (OH).

(2E)-Ethyl-6-{(tetrahydro-2H-pyran-2-yl)oxy }-hexenoate (14):

A stirred suspension of {(carboethoxy methylene)triphenylphosphorane (25 g, 72.2 mmol) in
benzene (150 ml) was treated with aldehyde 13 (10.3 g, 59.8 mmol) at room temperature. After
2 h, benzene was evaporated under reduced pressure and residue was purified by column chromato-
graphy (silica gel, 5% acetone in pet.ether) to give 14 (9 g) as a liquid in 62% yield.lH NMR (CDCIB):
§ 1.28 (1, 3H), 1.29-2.00 (m, 8H), 2.01-2.5 (m, 2H), 3.30-4.0 (m, 4H), 4.1 (q, 2H), 4.6 (br.s, 1H),
5.78 -6.0 {(m, 1H), 6.,9-7.2 {m, IH). IR(Neat): 1720 cm™} (C=0). M" 240,

Analysis calc. for CIBHZZOQ: C, 64.44; H, 9.15. Found: C, 64.04; H, 8.99%.

(2E)-6{(Tetrahydro-2H-pyran-2-y{}-oxy }-hexenol (15):

To a stirred and cooled (-15°) solution of 14 (7.24 g, 30 mmol) in CH,CL, (70 ml), a 20%
hexane solution of DIBAL-H (42 m], 60 mmol) was added dropwise during 20 min. After 1 h, it
was quenched with methanol and treated with 4N aq. HCl till it became a clear solution. Aq. layer
was separated and extracted with CH2C12. Organic layer was washed with water, brine, dried
(NaZSOIQ) and evaporated under reduced pressure to result the alcohol 15 (5.9 g) as a liquid in 97%
yield. "H NMR (CDCIB): § 1.3-2.0 (m, 8H), 2.15 (br.s, 2H), 3.25-3.87 (m, &H), 4.05 (d, 2H), 4.55
(br.s, 1H), 5.6 (br.t, 2H). IR(Neat): 3300 cm™! (OH). M' 200.

Analysis calc. for Cl IHZOOB: C, 65.97; H, 10.09. Found: C, 66.2; H, 10%.

(2E)-6{(Tetrahydro-2H-pyran-2-yl)-oxy }hexenat (16):

A stirred suspension of PCC (8 g, 45 mmoal} In CH,CI, (40 ml) was treated with a solution
of alcohol 14 (5 g, 30 mmol) in CH2C]2 (10 ml)} at room temperature. After 5 h, CH2C12 was re-
moved, residue was treated with dry ether and filtered through silica gel. The residue was thorou-
ghly washed with cther and filtered. Evaporation of ethereal solution gave aldehyde 16 (3.8 g)
In 75% yield as a liquid. lH N.\-1R((Tl')(:13):6 1.4-1.93 (m, &H), 2.43 (d, 2H), 3.37-3.95 (m, 4H),
4.63 (br.s, 1H), 5.75-7.31 (m, 3H), 9.59 (d, IH). IR{Neat): 1690 cm| (C=0).
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(4E,6Z)-1{(Tetrahydro-2H-pyran-2-yl)oxy}-octadiene (17):

A stirred suspension of ethyltriphenylphosphonium bromide (3.13 g, 7.4 mmol) in dry THF
(15 mi) under N, atmosphere was treated with NaNH, (0.432 g, 11.1 mmol) at room temperature.
After | h, the reaction mixture was cooled (-78°), THF (5 ml) solution of aldehyde 16 (0.99 8
5 mmol) was added and allowed to stir for an additional I h, It was quenched with NHQCI solution
and extracted with CHZCIZ. Organic layer was washed with water, brine and dried (NaZSOQ). Evapo-
ration of the solvent under reduced pressure and purification of the residue by column chromato-
graphy (silica gel, 5% acetone in pet.ether) afforded diene 17 (0.65 g) in 62% yield as a liquid.
4 NMR (CDC1):81.43-1.81 (m, 11H), 2.12 (t, 2H), 3.18-3.95 (m, 4H), .53 (br.s, 1H), 6.3 (dt, IH,
J=15, 7.1 Hz), 6.0 (dd, 1H, J=14, 7 Hz), 5.65 (dd, !H, J=12, 7 Hz), 5.4 (dq, 1H, J=10.6, 7 Hz). M*
210.

Analysis calc. for C, ,H__,O

135275058 C,74.24; H, 10.54. Found: C, 74.04; H, 10.1%.

(4E,6Z)-1-Bromooctadiene (12):

Method A: To a freshly prepared triphenylphosphine dibromide complex [{prepared from triphe-

nylphosphine (1.152 g, 6.6 mmol) by the addition of bromine (0.704 g, 6.6 mmol) in CH,Cl, (16
ml)] at 0° a solution of 17 (0.420 g, 2 mmol) In CH2C12 (3 ml) was added and allowed to stur for
3 h. The reaction mixture was quenched with water and organic layer separated. It was washed
with water, brine, dried (NaZSOQ) and evaporated under reduced pressure. Purification of the residue
by column chromatography (silica gel, 2% acetone in pet.ether) gave 12 (0.226 g) in 60% yield
as a liquid.
Method B: To a stirred and cooled (0°) solution of alcohol 11 (0.252 g, 2 mmol) in ether (10 ml),
PE&r3 (0.216 g, 0.8 mmol) was added. After 2 h, the reaction mixture was quenched with ice cold
water. Organic layer was separated, washed with water and saturated NaHCO3 solution, It was
dried (NaZSOQ) and evaporated under reduced pressure to afford the bromide 12 (0.189 g) in 50%
yield as a liquid. 'H NMR(CDCJB): § 1.2-1.8 (m, 5H), 2.1 (br.t, 2H), 3.2 (br.t, 2H), 5.38 (dd, IH),
5.65 (dd, 1H), 6.1 (dd, IH), 6.3 (dt, LIH).

(4E,6Z)-Octadienylphenylsulfone (2):

A mixture of bromide 12 (0.378 g, 2 mmol) and sodium phenylsulfinate (0.426 g, 2.4 mmol)
in ethanol (10 ml) was heated at reflux for 12 h. Solvent was removed and residue was dissolved
in water. Aq. layer was extracted with CHCI3 and washed with water, brine, dried (NaZSOU) and
evaporated under reduced pressure to give the sulfone 2 (0.320 g) in 64% yield. lH NMR(CDCIB):
§l.t-1.4 (m, 2H), 1.8 (d, 3H), 2.2 (1, 2H), 3.l (1, 2H), 5.3 (dd, IH), 5.60 (dd, 1H), 6.1 (dd, 1H), 6.28
(dt, 1H), 7.7 (m, 3H), 7.9 (dd, 2H). M" 250.

Analysis calc. for CMHISOZS: C, 67.2; H, 7.2, S, 12.8. Found: C, 67.5 H, 6.9; S, 12.2%.

(8E,102)-4-Hydroxy-5-phenylsulfonyldodecadienoic acid lactone (19):

Sulfone 2 (0.10 g, 4.0 mmol) was hthiated with 2N hexane solution of n-BuLi (2.4 mi, 4.5
mmol) in THF (5ml) at -30° for 1 h. A solution of aldehyde 3 (0.078 g, 60 mmol) in THF (3 ml)
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was added dropwise at -78° and allowed to stir for 0.5 h. The reaction mixture was quenched with
aq. NHACI solution and extracted with ether. Organic layer was washed with water, brine, dried
(NaZSOQ) and evaporated. This residue without purification was subjected for lactonization in ben-
zene (5 ml) containing catalytic amount of PTSA at reflux for 4 h. The reaction mixture was allo-
wed to cool and washed with agq. NaHCO3 solution. It was dried (NaZSOQ), evaporated and purified
by column chromatography (silica gel, 2% acetone in pet.ether) to give lactone 19 (0.066 g) in
50% yield as an oil. 'H NMR (CDCLy): 8 1.7 (dy 3H), 2.0-2.4 (m, 6H), 2.5 (br.t, 2H), 3.5 (1, IH),
4.1 (br.s, 1H), 5.3 (dd, 1H), 5.68 (dd, LH), 6.2 (dd, 1H), 6.3 (dt, 1H), 7.45-7.8 (br.m, 3H), 7.8-8.0
(m, 2H). IR(Neat): 1780 cm™! (C=0).

(2E,4E,8E,10Z)-N-(2-Methylpropyl)-dodecatetraene amide (1):

A solution of lactone 19 (0.04 g, 0.12 mmol) in t-butanol (3 ml) was treated with KOoBu'
(0.04 g, 0.36 mmol) at room temperature for 12 h. Reaction mixture was quenched with aq. ammo-
nium chloride and evaporated. Residue was dissolved in ethyl acetate, washed with water, brine,
dried (NaZSOlr) and evaporated to give acid 20 (0.018 g) in 82% yield. IR(Neat): 3300-3500 (OH)
and 1700 em™ " (C=0).

A mixture of the above acid (0.018 g, 0.093 mmol) and carbonyldiimidazole (0.015 g, 0.093

mmol) in THF (1 ml) was stirred at room temperature under N, atmosphere for 4 h, It was treated

with isobutylamine (0.006 g, 0.093 mmo!l) and allowed to stir 2overnight. THF was removed under
reduced pressure and residue was taken in ether. Ethereal layer was washed with water, brine
and dried (Na,SO,). Evaporation of solvent at reduced pressure and purification of the residue
by chromatography (silica get, 2% acetone-pet.ether} gave the amide 1 (0.012 g) in 52% yield as
an oil. 'H NMR(CDC]B): §0.83 (d, 6H), 1.6 {d, 3H), 1.8 (m, 1H), 2.15 (m, 4H), 3.1 (t, 2H), 5.38 (dq,
IH, J=10.6, 7 Hz), 5.60 (dd, 1H, J=10, 7 Hz), 6.2 (dd, 1H, J=15, 9 Hz), 6.3 (dt, IH, J=15, 7 Hz),
6.0 (dt, IH, J=15 Hz), 6.12 (dd, lH, 1=15, 7.6 Hz), 5.7 (d, 1H, J=15 Hz), 7.1 (dd, lH, J=15, 7 Hz).
IR(Neat): 3300 (NH), 1660 (C=0) cm™ L. M* 247, 167 (base peak).
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