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The syntheses of two pheromones: (t)-frontalin (1) and (t)-brevicomin (2) are described starting from
2-methylcyclohexanone (3) and 3,4-dihydro-2H-pyran (13), respectively.
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INTRODUCTION

Frontalin (1) and exo-brevicomin (2) were identified as the
principal components of the aggregation pheromone of the
southern pine beetle Dendroctonus frontalis' and Dendrocto-
nus brevicomis, respectively. These pheromones have a 6,8-
dioxabicyclo [3.2.1] octane system, which is often found as
an integral part of sugars3, alkaloids* and terpenoids’.

Although in 1974 Mori and collaborators® had demonstra-
ted, through the synthesis and study of the biological activity
of both enantiomers, that the natural frontalin (1) has a 1S,5R
configuration, in 1976 Wood and collaborators’ showed that
the racemic mixture also had a good aggregating activity. Si-
milar results were also observed with the racemic exo-brevi-
comin (2).

We now report the synthesis of (z)-frontalin (1)8, starting
from 2-methylcyclohexanone (3a) in nine steps and the syn-
thesis of (1)-brevicomin (2)? in seven steps from 3,4-dihydro-
2H-pyran (13), using simple and classic reactions.

o pa

(1)-Frontalin (1).

As can be seen in Scheme I, the ester methyl-6-oxo-hep-
tanoate (4) was prepared from 3a according to Matsumoto’s
procedure!® in 80% yield. This keto-ester was protected as its
1,3-dioxolane with 1,2-ethyleneglycol by the normal procedu-
re (82% yield for 5) and then alkylated with methyl iodide
(LDA at -78°C) to provide 6 in 90% yield. The spectroscopic
evidence for the formation of the monoalkylated product was
a doublet at 1.00 ppm (J= 6.0 Hz) for the methyl group at
C-2 and was consistent with the 13C NMR spectra in which
the C-2 carbon appears at 38.6 ppm as a doublet.

Compound 6 was also obtained from 2,6-dimethylcyclohe-
xanone (3b) using the same oxidation and protection condi-
tions (Scheme II). Using this sequence, 6 was produced in
24% yield and we therefore prefer the first sequence (Scheme
I, 59%), even though LDA has to be used as a base.

Resuming our synthesis following Scheme I, ester 6 was
reduced with LiAlH4 to the corresponding alcohol 7 in 96%
yield and then converted to the methanesulfonyl ester 8
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(MsCl, Py, 72% yield). Treatment of § with Nal in acetone
gave 9 (76% yield) and elimination of iodide with AgF in
pyridine or DBU in benzene gave 10!l in 80% and 65% res-
pectively. Finally the epoxidation of olefin 10 with MCPBA
in CH2Clz gave the epoxide 11! in 96% yield, which was
treated with p-TsOH in wet ethyl ether to furnish (t)-frontalin
(1) in 60% yield. The structure of 1 was confirmed by the H
NMR, IR and MS data, which were in good agreement with
those reported in the literature':5-% for the natural product.
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(1)-Brevicomin (2).

As shown in Scheme III, the hydroxy-olefin 15 was pre-
pared in two steps from 3,4-dihydro-2H-pyran (13) following
Wood’s procedure!? (13 — 14, 70% yield) and Ohloff’s pro-
cedure!? (14 — 15, 56% yield). The presence of Z isomer
was confirmed by the Wy = 6.4 Hz of the olefinic proton at
5.28 ppm measured on the spectrum acquired irradiating the
allylic methylenic protons.

Oxidation of alcohol 15 with PCC!4 furnished the corres-
ponding aldehyde 16 in 90% yield. Treatment of this aldehyde
with 1.2 equivalent of MeMgl gave alcohol 17 in 90% yield,
which was oxidized again with PCC to furnish the key inter-
mediate ketone 18'! in 80% yield.

The epoxidation of the keto-olefin 18 with MCPBA in
CH,Cl; gave epoxide 19!! in 90% yield. Treatment of this
epoxide for 4h with p-TsOH in wet ethyl ether furnished di-
rectly (t)-brevicomin (2) in 60% yield as a mixture of 4:1
exofendo-brevicomin (2/20) revealed by GC/MS analysis. This
shows that in our case the Wittig reaction was not as selective
as reported in the literature (97:3; Z/E)'3, even though it was
carried out under identical conditions. We should also like to
point out that the separation of these isomers by GC on the
capillary column was only possible in the final product, the
intermediates showing only one peak on HP 05 capillary co-
lumn.
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d. CH3MgI, Et;0 ; o. MCPBA , CHuCly; f. p-TsOH, wet ethylether.

CONCLUSION

In 1983, at the begining of this work, few total syntheses
of frontalin (1) and brevicomin (2) had been reported!S, but
since then the number has increased to over 35 for 1 and over
100 for 2, showing that these molecules are still viewed as a
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challenge by chemists searching for good targets to test new
methodologies or to devise more economic routes for these
important compounds.

The synthesis of (t)-frontalin (1) was achieved in nine
steps from 2-methylcyclohexanone (3) with 15% overall yield
and the synthesis of (t)-brevicomin (2), in seven steps from
3,4-dihydro-2H-pyran (13) with 14% overall yield, as a mix-
ture of exo:endo isomers (4:1).

EXPERIMENTAL

1H NMR spectra were recorded on a Varian T-60 (60 MHz)
or on a Bruker WP-80 (80 MHz) instrument and '3C NMR
spectra were recorded on a Varian XL-100 (25.2 MHz) ins-
trument with tetramethylsilane (TMS) as internal standard. IR
spectra were obtained on a Perkin-Elmer 399B instrument and
mass spectra (MS) were obtained on a Varian MAT-311 ins-
trument. Column chromatographies were performed with sili-
ca gel 60 (0.06-0.2 mm) purchased from Merck. GC/MS spec-
tra was obtained on a Hewlett-Packard VDC 5890-A instru-
ment (HP 05 Capillary column).

Table I - 13C NMR Data for the Compounds 4-7.%

4 S [] 1
c-1 1729 (5* 1724 () 1754 (5 67.0 (1)
c-2 33.8 (1) 3350  38.6(d) 354 (d)
c-3 24.6 () 24.8 (1) 33.7 (1) 33.4 (1)
c4 234 () 23.8 (1) 21.4 () 21.3 (1)
c-5 43.1 @) 385 (9 38.6 (1) 39.3 ()
c-6 205.9 (s) 1094 (s) 1084 (s)  109.4 (s)
c-7 29.7 (q) 236 (Q 236(Q  23.6(Q
Me-(C-2) - - 16.8 (q) 16.7 (q)
OMe 51.2 (@) 506 (@  50.6 (q) -
-OCH,CH;0- - 2x64.2 (1) 2x64.2 () 2x64.2 (1)

a. The solvent used was CCls and the chemical shifts were
measured in ppm using TMS as an internal standard.
b. The multiplicity was obtained using the SFORD mode spectra

Methyl-6,6-ethylenedioxyheptanoate (5).

A mixture of 410 (6.20g, 39.0 mmol), ethylene glycol
(6.20g, 103.0 mmol) and 15 mg of p-TsOH in benzene (190
ml) was refluxed for 20h using a Dean-Stark apparatus to col-
lect the water. The reaction mixture was cooled and washed
with 10% aqueous solution of NaHCO3 followed by brine.
The organic layer was dried over NazSOs, filtered and con-
centrated in vacuo to leave an oil, which was distilled to give
5 (6.50g, 82%, b.p. 76-81°/1 mm); 'H NMR (60 MHz, CCls)
5 1.23 (s, 3H), 1.38-1.60 (m, 6H), 2.08-2.30 (m, 2H), 3.61
(s,3H), 3.85 (s, 4H); 13C NMR see Table I; IR (neat) 1735
cm'l; MS, m/z (relative intensity) 187 (M*- -15, 14), 97 (100).

Methyl-6,6—ethyleﬁedioxy—Z-methylheptanoate (6).

A solution of 5 (2.54g, 12.5 mmol) in anhydrous THF (20
ml), was added dropwise to a cold (-78°C) magnetically stir-
red solution of LDA (15ml) in same solvent (20 ml). After 1h,
methyl iodide (2.30g, 15. mmol) was introduced and stirred
for 2h. After removing the cooling bath, the temperature was
allowed to rise to room temperature and reaction mixture was
quenched with NH4Cl1 solution (30 ml). The product was ex-
tracted with ethyl ether (5 x 20 ml), washed with brine (3 x
20 ml), dried over NaySOy filtered and concentrated. The re-
sidue was chomatographed on silica gel with hexane:ethyl et-
her (19:1) as eluent yielding 6 as oil (2.4g, 90%); 'H NMR
(60 MHz, CCly) 8 1.00 (d, J= 6.0 Hz, 3H), 1.10 (s, 3H),
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1.22-1.75 (m, 6H), 2.05-2.37 (m,1H), 3.48 (s, 3H), 3.70 (s,
4H); 3C NMR see Table I, IR (neat) 1735 cm’l; MS, m/z
(relative intensity) 201 (M* -15, 11), 87 (100).

6,6-Ethylenedioxy-2-methylheptan-1-ol (7).

To a stirred suspension of LiAlH4 (1.00g, 26.3 mmol) in
dry ethyl ether (80 ml) at 0°C and under N2 was added drop-
wise a solution of ester 6 (2.80g, 12.9 mmol) in the same
solvent (10 ml). After 2h at 0°C, the reaction mixture was
slowly quenched with 5% aqueous NaOH solution to destroy
the excess hydride, the mixture filtered through a Celite pad,
washed with ether, dried over NazSO4, filtered and concentra-
ted. The residue was purified by silica gel column chromato-
graphy (hexane:ethyl ether 9:1) to give 7 as an oil (2.34g,
96%); 'H NMR (60 MHz, CCl4) 5 0.90 (d, J= 6.0 Hz, 3H),
1.23 (s,3H), 1.33-1.55 (m,7H), 1.80 (bs, 1H), 3.36 (d, J= 6.0
Hz, 2H), 3.85 (s, 4H); 13C NMR see Table I; IR (neat) 3500
cm’l; MS, m/z (relative intensity) 173 (M*- -15, 9), 87 (100).

6,6-Ethylenedioxy-2-methylheptan-1-methanesulfonate (8).

To a solution of 7 (1.30g, 6.9 mmol) in dry pyridine (4ml)
at 0°C was added methanesulfonyl chloride (1.90g, 16.8
mmol). After stirring for Sh at room temperature, the reaction
mixture was quenched with cold water (20 ml) and extracted
with CH2Cl; (3 x 20 ml). The organic layer was washed with
brine, dried over Na;SO4, filtered and concentrated. The cru-
de product (1.30g, 72%) was used in next step without further
purification. 'H NMR (60 MHz, CCl4) & 1.00 (d, J= 6.0 Hz,
3H), 1.21 (s, 3H), 1.33-1.56 (m, 7H), 2.91 (s, 3H), 3.83 (s,
4H)i 4.00 (d, J= 6.0 Hz, 2H); IR (neat) 1460, 1380 and 1060
cm™.

1-Iodo-2-methyl-6,6-ethylenedioxyheptane (9).

The above mesylate (1,30g, 4.9 mmol) was dissolved in
acetone (100 ml) and Nal (1.50g, 10.0 mmol) was added. The
solution was refluxed for 12h and then concentrated under re-
duced pressure. The residue was dissolved in water (20 ml),
and extracted with CH2Cla (5 x 20 ml), dried over NaxSOg,
filtered and concentrated. The residue was purified by silica
gel column chromatographiy (hexane: ethyl ether 19:1) to give
9 as an oil (1.1g, 76%); 'H NMR (60 MHz, CCl4) 5§ 1.00
(d, J= 6.0 Hz, 3H), 1.23 (s, 3H), 1.31-1.53 (m, 7H), 3.16 (d,
J= 4.8 Hz, 2H), 3.86 (s, 4H); MS, m/z (relative intensity) 283
(M* -15, 12), 87 (100).

2-Methyl-6,6-ethylenedioxyhept-1-ene (10).

Method A - To a solution of 9 (0.50g, 1.6 mmol) in dry py-
ridine (5 ml) was added AgF (1.30g, 10.0 mmol). After stirring
for Sh at room temperature, the reaction mixture was diluted with
ethy] ether and filtered on a small pad of silica. The solvent was
concentrated to give 10 as an oil (0.23g, 80%).

Method B - To a solution of 9 (1.30g, 4.36 mmol) in ben-
zene (15 ml) was added DBU (1.32g, 8.72 mmol) and the
mixture was refluxed for 20h. After cooling to room tempe-
rature, the reaction mixture was diluted with ethyl ether and
filtered through silica pad. The solvent was concentrated to
give 10 as an oil (0.48g, 65%); 'H NMR (60 MHz, CCly) &
1.25 (s, 3H), 1.40-1.60 (m, 4H), 1.70 (bs, 3H), 1.90-2.08 (m,
2H), 3.85 (s, 4H), 4.66 (bs, 2H); IR (neat) 1650 cm’L.

2-Methyl-6,6-ethylenedioxy-1,2-epoxy-heptane (11).
To a stirred and cooled (0°C) solution of 10 (0.19g, 1.1

mmol) in CH2Cl; (3 ml) was added MCPBA (0.25g, 1.45
mmol). After 2h the solvent was evaporated and the residue
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was filtered on a small alumina column (hexane:ethyl ether
9:1) to give 11 as an oil (0.19g, 96%); 'H NMR (60 MHz,
CCly) & 1.20 (s, 3H), 1.22 (s, 3H), 1.42-1.52 (m,6H), 2.42
(bs, 2H), 3.82 (s, 4H); IR (neat) 3000, 1460, 1370 cm’l; MS,
m/z (relative intensity) 171 (M*- -15, 2), 43 (100).

(z)-Frontalin (1)

To a solution of epoxide 11 (0.12g, 0.6 mmol) in wet ethyl
ether (30 ml) was added a catalytic amount of p-toluenesul-
fonic acid (3 mg) and the resulting mixture was stirred at
room temperature for 12h. The solvent was evaporated and
the residue was filtered on a small alumina column (hexane)
to give (t)-frontalin (1) as an oil (49 mg, 60%); 'H NMR (60
MHz, CCly) d 1.20 (s, 3H), 1.27 (s,3H), 1.45-1.65 (m, 6H),
3.27, and 3.75 (2d, AB, Jap= 7.0 Hz, 2H); IR (neat) 2920,
1460, 1370, 1270, 1080 cm™; MS, m/z (relative intensity) 142
M*, 2), 62 (100).

5-Octen-1-al (16).

To a solution of 15 1213 (500mg, 3.9 mmol) in anhydrous
CH:Cl, (50 ml) at room temperature was added PCC (1.7g,
7.9 mmol), Celite (800 mg) and MgSO4 (800 mg). After stir-
ring 1h, the reaction mixture was passed through a silica gel
pad and the solvent removed to give 16 as a colourless oil
(442 mg, 90%). 'H NMR (80 MHz, CClg) 8 0.95 (t, J= 8.0
Hz, 3H), 1.60 (q, J=8.0 Hz, 2H), 2.00 (m, 4H), 2.35 (t, J=
8.0 Hz, 2H), 5.30 (m, 2H) and 9.70 (s, 1H); IR (neat) 1730

cm'L.
6-Nonen-2-0l (17).

To a solution of MeMgl, prepared from Mel (674 mg, 4.4
mmol) and Mg (78 mg. 3.3 mmol), in anhydrous ethyl ether
(20 ml), was added dropwise a solution of 16 (400 mg, 3.2
mmol) in anhydrous ethy! ether. After 1h of stirring, the reac-
tion was quenched carefully by adding H>O (20 ml) and aci-
dified with 0.1N HCI until disappearance of the emulsion.
The mixture was extracted with ethyl ether (5 x 30 ml), the
organic layer washed with 0.1 N NaHCO3 (30 ml), dried over
NazSO4 and concentrated in vacuo. The crude oil was purified
by silica gel flash chromatography (hexane:AcOEt, 9:1) to
give 17 (405 mg, 90%). 'H NMR (80 MHz, CCly) 8 0.93 (t,
J= 8.0 Hz, 3H), 1.12 (d, J= 6.4 Hz, 3H), 1.25-1.32 (m, 6H),
1.90-2.05 (m, 3H), 3.68 (m, 1H) and 5.28 (m, 2H); IR (neat)
2960, 1720 and 1460 cm'L,

6-Nonen-2-one (18).

To a solution of 17 (300 mg, 2.1 mmol) in anhydrous
CHC15 at room temperature, was added PCC14 (500 mg, 2.3
mmol), Celite (500 mg) and MgSO4 (500 mg). After 1h of
stirring, the reaction mixture was filtered through a silica gel
?ad and solvent removed to give 18 as an oil (240 mg, 80%).

H NMR (80 MHz, CCl4) & 0.94 (t, J= 8.0 Hz, 3H), 1.40-
1.76 (m, 6H), 2.04 (s, 3H), 2.32 (t, J= 8.0 Hz, 2H) and 5.28
(m, 2H); IR (neat) 2960, 1720 and 1460 cm -!.

6,7-Epoxy-nonan-2-one (19).

To a stirred solution of 18 (160 mg, 1.3 mmol) in
anhydrous CH2Cl; (10 ml) was added MCPBA (344 mg,
2.0 mmol). After 1h, the solution was washed with 0.1 N
NaHCOj3 (20 ml), dried over NaSO4 and concentrated in va-
cuo. The crude oil was chromatographed on a small alumina
column (CH2CL) to give 19 (160 mg, 90%). 'H NMR (80
MHz, CCly) & 1.00 (t, J= 8.0 Hz, 3H), 1.00-1.90 (m, 6H),
2.05 (s, 3H), 2.20-2.40 (m, 3H) and 2.70 (m, 1H); IR (neat)
2980 and 1720 cm’l,
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(x)-Brevicomin (2).2

To a solution of 19 (110 mg, 0.71 mmol) in wet ethyl ether
(10 ml) at room temperature, was added a catalytic amount
of p-toluenesulfonic acid (3 mg). After stirring for 4h, the
mixture was washed with 0.1 N NaHCO3 (2 x 5 ml), dried
over NazSO4 and concentrated in vacuo. Flash chromatograp-
hy on silica gel column (ethyl ether) gave (t)-brevicomin
(2/20) (ratio 4:1) (73 mg, 60%). 'H NMR (80 MHz, CCl)
8 0.86 (t, J= 7.0 Hz, 3H), 1.32 (s, 3H), 1.40-1.78 (m, 8H),
3.80 (t, J= 6.4 Hz, 1H) and 4.00 (bs, 1H); IR (neat) 2940,
1460, 1380, 1240, 1175, 1010, 970 and 850 cm-!; MS, m/z
(relative intensity) 156 (M* -, 12), 114 (66), 98 (82), 85 (97),
71 (73), and 67 (100).
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