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A three step synthesis of 3-acetoxy-2,6-dimethyl-1,5-heptadiene is described. Starting
from methyl chloroacetate and methyl acrylate, trans- and cis-dimethyl 1,2-cyclopro-
panedicarboxylate have been prepared. The isomers were treated with methyllithium
or methylmagnesium iodide to give the corresponding diols in high yields. Heating
the trans diol in a mixture of acetic acid and acetic anhydride at 80°C gave the title
compound in an overall yield of 50 % based on methyl chloroacetate. The corre-
sponding cis diol gave, under the same conditions, 2,2,4,4-tetramethyl-3-oxabi-

cyclo[3.1.0]hexane as the only product.

The comstock mealybug, Pseudococcus comstocki (Ku-
wana), is a worldwide pest of several stone and pome fruits.
In 1980 two groups independently identified its sex phero-
mone as 3-acetoxy-2,6-dimethyl-1,5-heptadiene (1) and
the structure was confirmed by synthesis. The pheromone
was found to have the R configuration, while its antipode
was biologically inactive.’ Several syntheses of the phero-
mone have since appeared, both of the racemic mixture**
and of the enantiomers.*S In all the syntheses the overall
yields were either low (=20 %) or involve difficult sep-
arations; none of them have provided more than a few
hundred milligrams of the pheromone.

We now wish to report a short, efficient synthesis of the
racemic pheromone that is adaptable to large-scale prep-
arations.

Results and discussion

The synthesis of compound 1 is outlined in Scheme 1.
Dimethyl cyclopropane-1,2-dicarboxylate (2) was prepared
from methyl acrylate and methyl chloroacetate essentially
as described in the literature,’” but with a greatly improved
yield. The product was formed as a 60:40 mixture of cis and
trans isomers, respectively. It became obvious from sub-
sequent experiments that the trans isomer 2a was required
for conversion into the target molecule. This was easily
achieved by heating the crude isomer mixture with sodium
methoxide in methanol; almost complete equilibration to
the thermodynamically more stable frans isomer took
place. The yield of 2a was 66 %. The reaction® of ethyl
acrylate with ethyl diazoacetate afforded trans-diethyl
cyclopropane-1,2-dicarboxylate as the only cyclic product,
but the yield was only 25 %. In contrast, the addition of
sulfoxonium methylide to maleic or fumaric ethyl esters is
reported to give the cyclopropane derivatives in 78 and
80 % yields, respectively.’
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Reaction of the diester 2a with methyllithium gave the
corresponding crystalline diol 3a in practically quantitative
yield. The diol was also obtained from 2 and methylmagne-
sium iodide, but in lower yield.'™!" From the mixture of
isomeric diols, the pure cis diol 3b was obtained by frac-
tional crystallisation.

An alternative synthesis of 3a and b consists of the reduc-
tion of 2,5-dimethyl-3-hexyne-2,5-diol to the corresponding
alkene followed by a Simmons-Smith cyclopropanation.
Reduction of the acetylenic diol with LiAlH, gave the pure
trans compound while catalytic hydrogenation with 5%
Pd-C in methanol in the presence of KOH' gave a 86:14
mixture of the cis and trans diols, respectively, according to
'H NMR spectroscopy. Both compounds were obtained in
excellent yields; however, the cyclopropanation reaction
gave only poor to moderate yields and therefore this route
was abandoned.

Isomers 3a and b were treated separately with a mixture
of acetic anhydride and acetic acid at about 80°C. The trans
compound gave, almost immediately, a product which was
isolated by preparative GLC and identified as trans-2-(2-
isopropenylcyclopropyl)-2-propanol  (4)." Initially the
amount of this compound increased at the expense of two
other components; however, when all of the starting mate-
rial had been consumed only traces of 4 were present and
the product consisted essentially of an 11:1 mixture of two
compounds. The major component was isolated in 74 %
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yield by fractional distillation and identified as the phero-
mone 1 by comparison of the spectral data with those of the
literature.'®® A pure sample of the minor component was
obtained by preparative GLC and the spectral data were
those expected for the alcohol 5. The infrared spectrum
revealed the hydroxy and the carbonyl absorptions at 3650
and 1725 cm™', respectively; the NMR spectra were also in
agreement with the structure.

Identical treatment of the cis isomer 3b resulted in rapid
elimination of water with formation of the cyclic ether 6" in
quantitative yield (Scheme 2). The ether was stable under
these conditions, but at higher temperatures it reacted fur-
ther. After about 2 days at 130-140°C, the ether was com-
pletely converted into several new products including 1,
which constituted 50 % of the mixture. The solution also
became dark and a significant amount of a tarry residue
was formed on distillation.

Acetic anhydride was essential for the success of the
thermal reaction; heating 3a in neat acetic acid resulted in a
complex mixture which still contained >50% 1. Appar-
ently, extended heating in the absence of acetic anhydride
caused deterioration of the pheromone which was stable
under similar conditions in the presence of acetic anhy-
dride.

Heating the rrans diol in the acetic acid—acetic anhydride
mixture in the presence of a catalytic amount of p-tolu-
enesulfonic acid gave rise to a complex product mixture of
which 1 and 4 constituted only minor parts. The cis diol
gave the bicyclic ether 6 as the only product under these
conditions.

With boron trifluoride-diethyl ether complex under simi-
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lar conditions, the diols afforded complex mixtures even at
room temperature. The ¢rans diol gave compounds 1, 4 and
5 in a 2:1:1 ratio as the major products. Higher reaction
temperatures resulted in polymeric material. The cis diol
gave 1 as the major product, but only as 25 % of the total
mixture, while 6 constituted less than 2 %.

Mechanistically it seems reasonable that 4 is initially
formed from 3a and subsequently converted into the ace-
tate 1 by nucleophilic attack of the acetate ion on the
cyclopropane ring. This reaction probably involves the for-
mation of the cyclopropylmethyl cation as an intermediate.
Oda and coworkers'"!"'!* have investigated the acid-cata-
lysed dehydration of both neat 3a and b. The quantitative
formation of 6 from the cis compound is consistent with our
results. The trans isomer gave several products including
the alcohol 4. A methanolic solution of 3a under similar
conditions gave 3-methoxy-2,6-dimethyl-1,5-heptadiene,
an analogue of 1, together with a number of other com-
pounds.

In conclusion, the reported sequence of reactions repre-
sents a convenient synthesis of the comstock mealybug sex
pheromone. From inexpensive starting materials an overall
yield of 50 % in three steps is achieved, and the synthesis is
adaptable to large-scale preparations.

Experimental

General. The instruments employed have been described
elsewhere.” GLC analyses were performed on a 25 m
SP2100 capillary column. For preparative work a 10%
SP 2100 packed column was used.
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trans-Dimethyl 1,2-cyclopropanedicarboxylate (2a). The
compound was prepared according to the literature’ by
slowly adding 14.15 g (0.26 mol) NaOMe, with stirring, to
a mixture of 27.14 g (0.25 mol) methyl chloroacetate and
48.51 g (0.56 mol) methyl acrylate. After the addition the
reaction mixture was stirred for a further 16 h at room
temperature. According to GLC and spectral data 2a and
2b were formed as the major products in a 40:60 ratio. The
volatile constituents, consisting mainly of unchanged
methyl acrylate and methyl 3-methoxypropanoate, were
evaporated and 100 ml 2 M NaOMe in methanol were
added to the residue. The mixture was heated at 75-80°C
for 14 h when, according to GLC, the ratio of 2a:2b was
>99:1. After most of the methanol had been evaporated,
ether and sufficient water to dissolve the precipitated NaCl
were added to the residue. The organic phase was sep-
arated and the water phase was extracted several times with
ether. The collected extracts were washed with brine, dried
(MgSO,) and distilled to give 26.1 g (66 %; lit.,” 45 %) of
2a, b.p. 84-85°C/9 mmHg (lit.,” 115-117°C/10 mmHg). IR
(film): 3020 (w), 1730 (s) cm™'. '"H NMR (60 MHz, CCl,):
81.35(dd, J, 6,J,8 Hz,2 H),2.05(dd, J, 6,J,8 Hz,2 H),
3.62 (s, 6 H).

trans-a, a,a,a’-Tetramethylcyclopropane-1,2-diyldimethanol
(3a). To a mixture of 10.34 g (65.3 mmol) 2a in 200 ml ether
were added dropwise, with stirring, 170 ml of 1.65 M
(280.5 mmol) methyllithium in ether. After the addition
the mixture was stirred for a further 2 h. Sufficient water
was then added to dissolve the precipitated salts. The water
phase was extracted several times with ether. The collected
ether extracts were washed with brine, dried (MgSO,) and
evaporated to give 10.5 g (100 %) of 3a as a viscous liquid
which crystallised when allowed to stand. The crude prod-
uct was found pure enough for further reaction. A portion
was recrystallised from CCl, to give pure 3a, m.p. 69-70°C
(lit.," 70-72°C). IR (CCL,): 3600 (m), 3350 (m), 3060 (w)
cm™'. 'TH NMR (60 MHz, CCl,): 8 0.42 (d, J 6.5 Hz, 2 H),
0.90 (d, J 6.5 Hz,2 H), 1.02 (s, 6 H), 1.23 (s, 6 H), 3.23 (s,
2 H).

cis-a, a, a! a' -Tetramethylcyclopropane- 1,2 - diyldimethanol
(3b). The stereoisomeric mixture of diesters 2 (19.30 g,
0.122 mol) was treated with a 50 % excess of methylmagne-
sium iodide as previously described.'™!" Usual work up
gave 19.52 g (100 %) of crude diols 3a and b in a 40:60

ratio. Trituration of this mixture with hexane gave 6.85 g
(35%) of the cis isomer as white crystals, m.p. 86-87°C
(lit.," 85.5-87°C). IR (CCl,): 3600 (w), 3220 (s), 3060 (w)
cm”!. 'TH NMR (60 MHz, CCl,): 4 0.3-1.0 (m, 4 H), 1.31
(s, 6 H), 1.42 (s, 6 H), 5.60 (s, 2 H).

3-Acetoxy-2,6-dimethyl-1,5-heptadiene (1). A solution of
7.94 g (50.2 mmol) of crude 2a in 42 g acetic anhydride and
17 g acetic acid was heated at 80-85°C for 3 h while being
monitored by GLC. The alcohol 4 was formed initially and
a sample was obtained by preparative GLC. After 3 h all of
the diol had been consumed resulting in a mixture consist-
ing of two major products in a 92:8 ratio. Evaporation of
the solvent through a small column followed by fractional
distillation of the residue gave 6.67 g (74 %) of 1, b.p.
80-82°C/9 mmHg (lit.,” 68-70°C/15 mmHg). The IR spec-
trum was in accordance with the literature.?® '"H NMR (300
MHz,CDCl,): 6 1.62 (s, 3 H), 1.69 (s, 3 H), 1.73 (s, 3 H),
2.05 (s, 3 H), 2.25-2.45 (m, 2 H), 4.88 (brs, 1 H), 4.94
(brs, 1 H), 5.04 (brt, J 7.1 Hz, 1 H), 5.15 (t, J 6.7 Hz,
1 H). BC NMR (75 MHz,CDCl,): 3 17.73 (CH,), 18.19
(CH,), 21.01 (CH,), 25.58 (CHs), 31.43 (CH,), 76.90 (CH),
112.51 (CH,), 118.85 (CH), 134.10 (C), 142.92 (C), 170.10
(C=0) ppm.

trans-2-(2-Isopropenylcyclopropyl)propan-2-ol  (4):'* IR
(CDCl,): 3590 (s), 3470 (w), 3060 (m), 1630 (m) cm™'. 'H
NMR (300 MHz,CDCl,): & 0.61-0.71 (m, 2 H), 0.99-1.05
(m, 1 H), 1.23 (s, 6 H), 1.40 (ddd, J, 5.1, J, 5.4, J, 5.6 Hz,
1 H), 1.68 (s, 3 H), 1.75 (br s, 1 H), 4.67 (brs, 2 H). *C
NMR (75 MHz, CDCl,): 8 8.15 (CH,), 20.93 (CHj), 21.13
(CH), 2859 (CH,), 28.88 (CHj,), 30.70 (CH), 69.29 (C-0),
107.88 (=CH,), 145.85 (=C) ppm.

An analytical sample of the minor component was iso-
lated by preparative GLC and characterised as 3-acetoxy-
2,6-dimethylhept-5-en-2-0l (5): IR (CDCls): 3650 (w), 3060
(w), 1725 (s) cm™'. '"H NMR (300 MHz,CDCl,): & 1.22 (s,
6 H), 1.62 (s, 3 H), 1.68 (s, 3 H), 1.75 (br s, 1 H), 2.07 (s,
3 H),2.31(t,J7Hz,2 H),4.82(t,J 7 Hz, 1 H), 5.08 (t, J
7 Hz, 1 H). C NMR (75 MHz,CDCl,): 6 17.81 (CH,),
21.01 (CH,), 25.16 (CH;), 25.76 (CHs;), 26.61 (CH,), 28.43
(CH,), 72.30 (COH), 79.66 (CHOACc), 119.90 (=CH),
134.14 (=C), 170.95 (C=0) ppm.

2,2,4,4-Tetramethyl-3-oxabicyclo[3.1.0]hexane (6). A mix-
ture of 982 mg (6.2 mmol) 3b in 5.0 g acetic anhydride and
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1.9 g acetic acid was heated at about 80°C for 1 h. Accord-
ing to GLC analysis the diol was converted quantitatively
into the bicyclic ether (6). An analytical sample was iso-
lated by preparative GLC. The IR spectrum was in accord-
ance with the literature.”” '"H NMR (60 MHz,CCl,): 6 0.33
(t,J6 Hz,2 H), 1.10 (s, 6 H), 1.30 (s, 6 H), 1.40(t, J 6 Hz,
2 H).

Thermal reaction of 6. When a solution of 6 in the acetic
acid-acetic anhydride mixture was heated to 130-140°C, a
slow reaction took place. After approximately 2 days most
of 6 had been consumed to give a complex mixture. Three
of the products constituting 50, 5 and 4% of the total
mixture were identified as 1, 4 and 5, respectively, from
GLC retention times. Distillation gave 358 mg (32 % based
on 3b) of 1 and left a significant amount of a dark, tarry
material.
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