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Abstract

(X)-Frontalin and its analogue were synthesized employing the Wacker oxidation
as the key-step.

Frontalin (1a) has been shown to possess aggregation pheromone activity in
several species of Dendroctonus bark beetle!. Several groups have synthesized this

compound in both racemic? as well as enantiomeric? forms.

As a part of our continuing study on the palladium(1I) catalyzed intramolecular
cyclisation of alkenyl diols, we have developed a novel method for the synthesis of brevi-
comin?, frontalin’, and 1, 3-dimethyl-2, 9-dioxabicyclo [3.3.1 Jnonane®, by using a
Wacker catalyst system.

We wish to report here a short and more convenient synthetic method for frontalin
and its analogue (1b) as shown by the following sequence of reactions.
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The protected o -hydroxy ketone (2) was easily prepared according to the procedure
reported previously7.

A Grignard reaction between the ketone (2) and alkenyl bromide (3) led to
compound (4). Acidic hydrolysis afforded the desired diol (5) which was cyclised directly
to bicyclic acetal (1) using palladium chloride as catalyst in 1, 2-dimethoxyethane with
copper(II) chloride as reoxidant for the palladium.

A typical procedure is illustrated by the synthesis of frontalin from 5-bromo-1-pentene
and the results were summarized in Table 1.
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TABLE 1. PERCENTAGE YIELDS OF ALCOHOLS, DIOLS, FRONTALIN AND
ITS ANALOGUE

Halide (3) 4¢ % 545 o (b.p.) 12 % (b.p.)

3a:n=3 4a: 64 5a: 47 1a: 45
(81-84/1Torr) (60-62/16Torr)

3b: n=4 4b: 65 5b: 58 1b: 34
(90-94/1Torr) (58-60/17Torr)

solated yields
bSatisfactory elemental analyses and spectroscopic data

cSpectl‘oscopic data satisfactory. Products were used without further purification.

IR spectra were recorded on Jasco A-302 spectrometer. 'H and 3C NMR spectra
were recorded on Jeol FX-200 spectrometer. Chemical shift are given in ppm relative to
internal TMS ( § scale). MS data were obtained at 70ev on a VG-Micromass 7070 instrument.

2-Hydroxy-2-methyl-6-heptenyl tetrahydropyranyl ether (4a)

A solution of 5-bromopentene (1.60g, 10.8 mmol) in 3 ml of anhydrous ether was
slowly added to a stirred suspension of magnesium turning (0.24g, 10 mmol) and a few
crystal of iodine in anhydrous ether (10 ml) at such a rate to keep a gentle reflux under a
nitrogen atmosphere. After the addition was completed, the resulting mixture was
refluxed for 40 min then cooled to room temperature. A solution of acetonyl tetrahydro-
pyranyl ether (1.37g, 8.67 mmol) in 10 ml of anhydrous ether was added and then refluxed
for 2 h. The reaction mixture was cooled to room temperature and crush ice was added,
acidified with dilute sulphuric acid then extracted with ether. The combined ether layer
was washed with water and dried over anhydrous sodium sulphate. Solvent was removed
to give a colorless liquid product (4a) (1.27g, 64%) which was used in the next step
without further purification TH NMR (CDCly) § : 1.10 (s, 3H, CH,), 1.27-1.77 (m, 10H,
5xCH,), 1.93-2.23 (m, 2H, CH,), 2.77 (s, 1H, OH), 3.20-4.00 (m, 5H, CH,-O-CH-O-CH,),
4.70-5.13 (m, 2H, C=CH,), 5.40-6.07 (m, 1H, C=CH).

1, 2-Dihydroxy-2-methylhepta-6-ene (5a)

A mixture of 2-hydroxy-2-methyl-6-heptenyl tetrahydropyranyl ether (5.10g,
24.30 mmol), p-toluene sulfonic acid (1.44g, 8.37 mmol) and 95% ethanol (160 ml) was
refluxed for 2h, then most of ethanol was evaporated off. The residue was extracted with
ethyl acetate, washed with sat.brine, dried (Na,SO,) and concentrated under vacuum.
The residue was distilled to afford diol (5a) (1.50g, 47%), b.p. 81-84°C/1 Torr. IR (neat):
3350, 1640, 1380 cm’!; IH NMR (CDCly) § : 1.19 (s, 3H, CH,), 1.50 (m, 4H, 2xCH,),
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1.98 (br.s, 2H, OH), 2.09 (m, 2H, CH,), 3.42 and 3.50 (d, J=10Hz, 1H each, CH,-0),
4.94-5.10 (m, 2H, C=CH,), 5.72-5.92 (m, 1H, C=CH); MS(m/e): 144 Mt 0.36),
129(4.27),113(100); Anal. Calcd. for CgH,O,: C, 66.63; H, 11.18. Found: C, 66.39; H,
11.16.

Frontalin (1a)

A mixture of palladium chloride (0.11g, 0.61 mmol) and anhydrous cupric chloride
(0.19g, 1.44 mmol) in dry dimethoxyethane (30 ml) was stirred and heated at 65°C while
oxygen was bubbled through the solution. A solution of I, 2-dihydroxy-2-methylhepta-6-ene
(1.57g, 10.9 mmol) in dry dimethoxyethane (5 ml) was added dropwise and stirred at 65°C
for a further 6 h then cooled to room temperature. The reaction mixture was filtered through
a short neutral alumina column and eluted with ether. After removal of the solvent, the
residue was distilled to give frontalin as a colorless liquid (0.71g, 45%) b.p. 60-62°C/16Torr;
IR (neat) 2900, 1120 and 1030 cm™}; 'H NMR (CDCly) § : 1.33 (s, 3H, CH,), 1.43 (s, 3H,
CH,), 1.47-1.72 (m, 6H, 3xCH,), 3.46 and 3.81 (d, J = 7Hz, 1H each); 13C NMR (CDCl,)
108.42 (s), 80.01 (s), 77.64 (t), 34.52 (t), 33.90 (t) 24.68 (q), 23.01 (q), 17.99 (t) ppm.
MS(m/e):142 (M1, 8.72), 112(14), 100(23), 92(8), 84(12), 72(36), 70(81), 56(13), 43(100).
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