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Synthesis of Z-11-octadecenal, the sex pheromone of the wax moth

N. Ya. Grigor'eva,* P. G. Tsiklauri, and A. V. Buevich
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47 Leninsky prosp., 117913 Moscow, Russian Federation.
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A new synthesis of Z-11-octadecenal, the sex pheromone of the wax moth Achroia
grisella starting from methyl 10-undecenoate is elaborated.
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Z-11-Octadecenal (1), the sex feromone of the wax
moth Achroia grisella (a specific pest of the horey bee!
and a minor component of the pheromone blend of the
cotton-stem Earias vitella),? has been synthesized before
starting from acetylenic compounds.®4 Here we de-
scribe a synthesis of 1 from methyl undecenoate (2)
using Bestmann's variant of the Wittig reaction as the
key stage of constructing the Z-olefinic bond.

The hydroboration-oxidation of 2 with tetrapropyldi-
borane or diborane does not affect the ester group and
affords the hydroxyester 3 in a high yield. The applica-
tion of diborane generated from NaBH, by treatment
with dimethyl sulfate is particularly suitable for large-
scale hydroboration of 2.6 The condensation of aldehyde
4, obtained by oxidizing 3 with pyridinium chlorochro-
mate (PCC), with heptylidenetriphenylphosphorane (gen-
erated from the corresponding phosphonium salt using
(Me;Si),NNa®) affords the known ester 5 in a pre-
parative yield. The Z-configuration of ester 5 was un-
equivocally confirmed by the value of the spin coupling
constant 3Jey—cy = 11.2 Hz (determined from the
analysis of the 'H NMR spectrum of the vinyl protons’
13C-satellites).

The hydride reduction of 5 and the oxidation of
alcohol 6 thus formed with PCC complete the synthesis
of the target compound 1.
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Experimental

IR spectra were recorded on a Perkin-Elmer 577 spectro-
photometer in CCl;. 'H NMR spectra were registered on a
Bruker WM-250 instrument in CDCl; with TMS as the stan-
dard, 13C NMR spectra were taken on a Bruker AM-300
spectrometer at 75.5 Hz. The preparative flash chromatogra-
phy was performed on silica gel L {40—100 pm, Chemapol,
CzSFR). and thin layer chromatography was carried out using
Silufol plates (Kavalier, CzSFR) in a 1:1 ether/hexane mixture
as the eluent.

11-Hydroxyundecanoic acid methyl ester (3). A. A solu-
tion of tetrapropyldiborane (0.53 g, 2.74 mmol) in 2 mL of
THF was added dropwise with stirring at 0 °C to a solution of
methyl [1-undecenoate (2) (I g, 5 mmol) in 10 mL of THF
and the mixture was stirred for 30 min at 0 °C. Then it was
warmed up to ~20 °Cin 2 h, and | mL of MeOH was added.
The reaction mixture was cooled down again to —5 °C, and
1.6 mL of 3¥ NaOH and 1.6 mL of 30 % H,0, were added
dropwise in successsion. After the usual workup an oily prod-
uct (1.7 g) was column chromatographed through 50 g of silica
gel by gradient elution (from 100 % hexane to 100 % ether) to
afford 0.97 g (89 %) of 3 with physicochemical characteristics
consistent with those reported earlier.” TH NMR, &: 1.28 (m,
14 H, CHy): 1.58 (m, 2 H, CHy); 2.3 (t, 2 H, CHy(2), J =
7.5 Hz); 3.63 (1,2 H, CH,0,J =7 Hz);3.66 (s, 3 H, CH3).

B. A solution of 0.75 g (6 mmol) of dimethy! suifate in
2 mL of THF (dropwise; 5 min) and a solution of 2.5 g
(12.5 mmol) of 2 in 2.5 mL of THF were added successively
at 30 min intervals to a stirred suspension of NaBH, (0.28 g,
6 mmol) in 7 mL of THF maintained at 0 °C under Ar. The
reaction mixture was stirred until complete dissappearance of 2
(TLC monitoring) and then was worked up as above. The yield
of chromatographically pure 3 was 78 %.

Methyl 11-oxoundecanoate (4) was obtained by oxidizing
alcohol 3 with PCC in CH,Cl; in the presence of CH;COONa
following the standard procedure. Purification using chromato-
graphy through silica gel with a gradient elution from 100 %
hexane to 15 % ether/hexane furnished aldehyde 4 in 55 %
yield with physicochemical characteristics consistent with ear-
lier data.® 'H NMR, &: 1.29 (br. s, 10 H, CH,); 1.6 (m,
4 H, CHy); 23 (t, 2 H, CHy(2), J = 7.5 Hz); 2.41 (dt,
2 H, CHx(10), J; =2 Hz, J/, =7.5 Hz); 3.67 (5,3 H, CHy);
9.75 (t, 1 H, CHO, J =2 Hz).
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Methyl Z-11-octadecenoate (5). A solution of heptyl-
triphenylphosphonium bromide (4.68 g, 10.6 mmol) in 10 mL
of THF was added under Ar to a stirred solution of
(Me;Si);NNa (12 mmol), freshly prepared from Na (0.28 g,
12 mg-at), (Me;Si),NH (1.58 g, 12 mmol), and phenantrene
(1.07 g, 6 mmol) in 15 mL of THF after the known method.?
The reaction mixture was stirred for 30 min at room tempera-
ture and then refluxed for 1 h. The bright orange solution thus
obtained was cooled to —78 °C, and 4 (1.52 g, 7.1 mmol) was
added dropwise. Then the temperature was raised gradually to
~20 °C, and the mixture was stirred for 2 additional hours and
left overnight. A saturated solution of NH,Cl was then added
(with stirring) to the reaction mixture cooled to 0 °C. The
usual workup afforded 2.34 g of a light yellow oil, which was
subjected to column chromatography through 150 g of silica
gel. A gradient of 100 % hexane to 100 % ether was used to
give 1.26 g (60 %) of 5 with physicochemical characteristics
consistent with those of the literature.1® 'H NMR, &: 0.9 (t,
3 H, CH;, /= 68 Hz); 1.3 (m, 20 H, CH,); 1.63 (m,
2 H, CHjy); 2.03 (m, 4 H, CH,C=C); 2.3 (1, 2 H, CHy(2),
J =17,5 Hz); 3.67 (s, 3 H, CH;0); 5.35 (m, 2 H, HC=CH).

Z-11-Octadecenol (6) was obtained conventionally by re-
duction of 5 with LiAlH, in ether. Column chromatography
through silica gel with a gradient elution from 100 % hexane
to 40 % ether/hexane yielded alcohol 6 (94 %), whose physico-
chemical characteristics were consistent with those reported
earlier4 'H NMR, &: 0.89 (t, 3 H, CHy, J = 6.5 Hz); 1.3
(m, 22 H, CHy); 1.58 (m, 2 H, CH,); 2.02 (m, 4 H,
CH,C=C); 3.67 (t, 2 H, CH,0, J = 7 Hz); 5.35 (m,
2 H, HC=CH). 3C NMR, &: 14.08 (CH;), 22.64, 25.72,
27.19, 28.97, 29.28, 29.42, 29.52, 29.55, 29.58, 29.73 (CH,),
31.77, 32.72 (CH,C=C), 63.06 (CH,0), 129.85, 129.89
(CH=CH).

Z-11-Octadecenal (1) was obtained by oxidizing 6 with
PCC as described above for 4. Chromatographic purification
afforded 1 in 61 % yield. The physicochemical characteristics
of the specimen were in agreement with those of the litera-
ture.34 IH NMR, &: 0.9 (t, 3 H, CH;, / = 6.5 Hz); 1.3 (m,
20 H, CHj); 1.63 (m, 2 H, CHj); 2.02 (m, 4 H, CH,C=C);
2,42 (dt, 2 H, CH,CHO, J, =2 Hz, J, = 7.5 Hz); 5.35 (m,
2 H, HC=CH); 9.78 (t, | H, CHO, J =2 H2).

References

1. K. H. Dahm, D. Meyer, W. E. Finn, V. Reinhold, and
H. Roeller, Naturwiss., 1971, 58, 265.

2.A. Cork, D. J. Chamberlain, P. S. Beevor, D. R. Hall,
B. F. Nesbitt, D. G. Campion, and M. R. Attique, J. Chem.
Ecol., 1988, 14, 929.

3.S. Ranganathan, V. Maniktala, and R. Kumar., Synth.
Comm., 1982, 12, 959.

4.J. S. Yadav, K. Balakrishnan, and L. Sivadasan, Ind. J.
Chem., 1989, 28B. 297.

5.H. J. Bestman, W. Stransky. and O. Vostrowsky, Chem.
Ber., 1976, 109, 1694.

6. H. J. Bronaugh, US Pat. 2967761 (1961), Chem. Abstr.,
1961, 55, 10826a.

7.W. H. Lycan and R. Adams, J. Am. Chem. Soc., 1929, 51,
625.

8.C. G. Tomecko and R. Adams, J. Am. Chem. Soc., 1927,
49, 522,

9.J. Goubeau and J. Jimenecz, Z. Anorg. Allgem. Chem., 1960,
303, 217.

10. L. D. Bergel'son, V. A. Vaver, V. Yu. Kovtun, L. B.
Senyavina, and M. M. Shemyakin, Zh. Org. Khim., 1962,
32, 1802 [J. Org. Chem. USSR. 1962, 32 (Engl. Transl)].

Received April 8, 1994




