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Cross-coupling of Vinyl Cuprates and Allylic Halides and

Synthesis of the Comstock Mealybug Pheromone via
Photooxidation of 2,6-Dimethyl-2,5-heptadiene
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Lithium bis(2-methylpropenyl)cuprate (4) gener-
ated with tetrabutylammonium (TBA; Cu()Br,
(3) from 2-methylpropenyl lithium (2) was cou-
pled with 3-methyl-1-bromo-2-butene (5b) to
form 2,6-dimethyl-2,5-heptadiene (6). Photoox-
idation of 6 in the presence of TBABH, and
selective acetylation gave the pheromone of the
Comstock mealybug 2,6-dimethyl-1,5-hepta-
diene-3-ol acetate (9).

The synthesis of 1,4-dienes is of particular in-
terest for the synthesis of natural products of the
long-chain type, including certain pheromones.’
We have chosen 2,6-dimethyl-2,5-heptadiene (6)
as a model for the preparation of such systems by
cross-coupling vinylic cuprates and allylic halides.
The choice was influenced by our interest in
applying our newly developed method for photo-
oxidation in the presence of tetrabutylammonium
(TBA) borohydride? to diene 6. The reason for
this was that one of the expected products would
be 2,6-dimethyl-1,5-heptadien-3-ol (7)3, the
corresponding acetate (9) of which has been
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identified as a pheromone of the Comstock
mealybug, Pseudococcus comstocki (Kuwana) by
two independent groups.** In both cases the
structure elucidation of the pheromone was
verified by synthesis. In one case yields were not
mentioned* and in the other case the overall
yield was =9 %.%° The optical rotation and the
absolute configuration of the natural pheromone
released by virgin females have been determined
to be (R)-(+) by chiral synthesis.® In field tests
however, the naturally occurring pheromone and
the synthetic racemate caused approximately the
same number of catches.* The racemic acetate 9
is thus suitable as a lure in traps.

Our cuprate mediated cross-coupling route to
diene 6 is depicted in Scheme 1. In order to avoid
unwanted formation of 1,3-dienes by homo-
coupling of vinylic cuprates, it is necessary that
no Cu(Il)-species or oxygen are present.” As a
source of pure Cu(I) we selected the recently
described TBA dibromocuprate(I)® (3) for mak-
ing the divinylic cuprate 4.

In comparison with allylic bromides the corre-
sponding allylic chlorides are more stable and less
apt to cis—trans-isomerize. Hence we initially
tried to couple cuprate 4 with 1-chloro-3-methyl-
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2-butene (5a). Although some coupling was
observed in diethyl ether the reaction was too
slow to be useful. The corresponding bromide
(5b) on the other hand gave diene 6 in close to
quantitative yield based on the vinylic lithium 2,
which was formed in 70—90 % yield from the
bromide I (vide infra).

The homo-coupling product, 2,5-dimethyl-2,4-
hexadiene, amounted to less than 2 % of the final
reaction mixture and no trace of the product
anticipated from an allylic rearrangement (cf.
Ref. 9) of the electrophile 5b was present as
judged by capillary GC.

Coupling of the vinylic lithium reagent 2 with
the allylic bromide 5b was also tried in the
absence of Cu(I) (cf. Ref. 10). In this case a very
slow formation of the cross coupling product was
observed. In the presence of 0.5 equivalents of
TBACu(I)Br; (3) on the other hand, the reaction
rapidly went to completion in a close to quantita-
tive yield calculated on the amount of vinylic
lithium compound 2 formed. This amount was
estimated by quenching with water and subse-
quent GC determination of the ratio between
vinylic bromide 1 and 2-methylpropene. This
means that both the vinylic groups of cuprate 4
can be transferred under mild conditions (cf. Ref.
11).

Our route to the mealybug pheromone (9) is
outlined in Scheme 2. Photooxidation of 2,6-
dimethyl-2,5-heptadiene (6) in chloroform in the
presence of TBABH, ? and subsequent treatment
of the crude reaction mixture with acetic anhy-
dride and pyridine selectively acetylated the
secondary alcohol 7. The desired acetate 9 was
then easily separated by liquid chromatography.
The alcohols 7 and 8 could also be separated by
chromatography prior to acetylation but such a
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procedure offers no advantage. Due to unfavour-
able product distribution and secondary product
formation the overall yield of the racemic pher-
omone 9 was only =10 %. This result is in accord
with a report on a conventional photooxidation
of diene 6 which appeared after the initiation of
this work.”> In spite of the low yield, the
described method makes the racemic pheromone
of the Comstock mealybug available by simple
operations.

EXPERIMENTAL

'H NMR spectra were recorded in CDCl; on a
Bruker WP 200 or a JEOL PMX-60 spectro-
meter. A Finnigan model 4021 connected to an
INCOS data system was used to record GC—MS
spectra. Analytical GC was performed on a PYE
204 instrument with an FID detector using fused
silica capillary columns. Liquid chromatography
was performed with Merck silica gel 0.040—0.063
mm dry packed in 2.54 cm i.d. columns unless
specified. The solvent, light petroleum b.p.
40—-60 °C with increasing amounts of ethyl ace-
tate (0, 0.63, 1.25, 1.88, 2.5, 3.75, 5.00, 7.5, 10,
15, 20, 30, 40, 60, 80 %) was delivered with a
metering pump at a rate of 60 ml/min. A “poor
man’s” gradient mixer was arranged as follows:
The suction tube of the pump was placed in a
stirred vessel initially containing pure light pet-
roleum and portions of solvent of increased
polarity were successively delivered to the sur-
face of the liquid in the vessel by a stoppered
dropping funnel. All fractions (30 ml) were
examined by TLC. TLC was performed on silica
gel (Merck 60, precoated aluminium foil) eluted
with 20 % ethyl acetate in light petroleum.
Spraying with vanillin in ethanol containing
sulfuric acid and heating to 140°C visualized the
compounds. Irradiations were performed in

+ other products

Scheme 2.

0
o~

M'e

9

Acta Chem. Scand. B 38 (1984) No. 9



Pyrex vessels using a Rayonet reactor with 16
RPR 350 nm lamps, employing the procedure for
photooxidation in the presence of TBABH,
described earlier.? The coupling reactions were
performed strictly under argon atmosphere and
all transfers were made via a double-ended
needle or a syringe.

2,6-Dimethyl-2,5-heptadiene (6)."> 1-Bromo-2-
methyl-1-propene (1) ** (3.2 g, 23.7 mmol) in dry
ethyl ether (30 ml) was slowly added to finely cut
lithium metal (0.36 g, 2.1 eq., sodium content
4.25 %) in ethyl ether (60 ml) at —25 °C. The
temperature was kept below —15 °C throughout
the lithiation which was monitored by withdraw-
ing samples that were quenched with water. The
ratio of the starting bromide (7) and the formed
2-methyl propene was determined by GC with a
25 m SE-30 capillary column. The lithiation was
complete after 2 h and the solution was transfer-
red to a suspension of TBACu(I)Br, (3)® (5.26 g,
12.1 mmol) in ethyl ether (100 m!) at —70 °C.
Then 1-bromo-3-methyl-2-butene (5b) (2.9 g,
19.4 mmol) in ethyl ether (20 ml) was added. The
coupling reaction went to completion in a few
minutes and was worked up by addition of a
saturated aqueous solution of ammonium chlor-
ide at —70 °, extraction with ethyl ether, washing
the ether with brine, drying (MgSO,) and filter-
ing through silica gel. Careful removal of the
solvent gave 2.4 g of a product which was shown
by GLC to be 98.5 % pure (99 % based on the
allylic bromide 5b). Spectral data were consistent
with those published earlier.!?

Photooxidation of 2,6-dimethyl-2,5-heptadiene
(6). Isolation of 2,6-dimethyl-1,5-heptadien-3-ol
(7) and 2,6-dimethyl-3,5-heptadien-2-ol (8). 2,6-
Dimethyl-2,5-heptadiene (6) (0.950 g, 7.66
mmol), TBABH, (2.00 g) and dodecane (0.264
g) as internal standard were dissolved in chloro-
form (90 ml) containing TBA-solubilized rose
bengal (1.5 g rose bengal and 0.96 g TBABr1/1).
The reaction mixture was irradiated with oxygen
bubbling through the solution and the disappear-
ance of starting material was monitored by GC
(25 m SE-54 capillary column). At 65 % conver-
sion of starting material (75 min) the irradiation
was stopped and additional TBABH, (0.5 g) was
added. After 30 min the chloroform was removed
in vacuo. Addition of potassium iodide (2.5 g),
water (3 ml) and ethyl ether (25 ml) caused
TBA-iodide to precipitate. After 2 h of stirring
the precipitate was removed by filtration and
washed with ethyl ether. Washing the ether with
brine, drying (MgSO,) and solvent removal gave
a red viscous residue which was adsorbed on
silica gel (5 g) and chromatographed on a 33 cm
column topped with neutral alumina (0.5 cm) to
retain the dye. Fractions 32-34 contained
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2,6-dimethyl-1,5-heptadien-3-0l (7) (0.117 g,
10.9 %) and fractions 36—40, 2,6-dimethyl-3,5-
heptadien-2-ol (8)'>16 (0.255 g, 23.8 %). Re-
corded spectral data for compound 7: MS,*
IR 35*¢ NMR.3**$ Compound 8 'H NMR 200
MHz: § 6.44 (1H, dd, J 10.8 and 15.3 Hz,
=CH-CH=CH-), 5.81 [1H, additional allyl
coupling, J 10.8 Hz, (CH;),=CH~-CH=], 5.71
[1H, d, J 15.3 Hz, (CH;3),OH—--CH=CH-],
1.78 [6H, s, additional allyl coupling,
(CH3),=CH-], 1.34 [6H, s, (CHJZOH—], 1.41
variable (1H, s, —OH).

2,6-Dimethyl-1,5-heptadien-3-ol acetate (9) via
selective acetylation of the crude photolysate of
2,6-dimethyl-2,5-heptadiene (6). The diene 6 (2.5
g) and TBABH, (5.2 g) were dissolved in
chloroform (90 ml) containing TBA-solubilized
rose bengal and the solution was irradiated (150
min) as described above. Additional TBABH,
(1.5 g) was added and after 30 min the reaction
mixture was worked up, using potassium iodide
(6.7 g), water (10 ml) and ethyl ether (100 mi).
After solvent removal pyridine (5 ml) and acetic
anhydride (5 ml) were added to the crude
reaction mixture. After 3 h at ambient tempera-
ture brine (25 ml) was added and the reaction
mixture extracted with light petroleum (3x25
ml). Drying and solvent removal gave a pyridine
smelling residue which was adsorbed on silica gel
(10 g) and chromatographed on a 33 cm column.
This gave 0.337 g (9.2 %) of the racemic pher-
omone 9 with spectral data in agreement with
those published earlier.
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