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Transformation of esters into allyl halides via substituted
cyclopropanols. Application in the synthesis of (25,3R,7RIS)-3,7-
dimethyltridec-2-yl acetate and propionate, sex attractants of
pine sawfly Diprion pini
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Abstract—A convenient new approach to the synthesis of the acetate and the propionate of (2S5,3R,7R/S)-3,7-dimethyltridecan-2-ol,
sex attractants of Diprion pini L., using the cyclopropanation of the ethoxycarbonyl group in O-THP protected ethyl (S)-lactate with
ethylmagnesium bromide in the presence of titanium(IV) isopropoxide followed by C-2—-C-3 cyclopropane ring opening as the key

steps has been performed.
© 2004 Elsevier Ltd. All rights reserved.

Pine sawfly Diprion pini L. is a widely spread severe pest
on conifers, the sex pheromone of which has been
identified as the acetate (1-COMe) and the propionate
(1-COEt) of (25,3R,7R)-3,7-dimethyltridecan-2-ol 1.!
Enantiomerically pure (25,3 R,7R)-3,7-dimethyltridecan-
2-ol 1 was synthesized starting from (3R,4R)-3,4-di-
methyl-y-butyrolactone, which was obtained in 10 steps
from (2R,3R)-tartaric acid.! (2S,3R,7R/S)-3,7-Dimethyl-
tridecan-2-ol 1 is also of practical interest, because esters
of (28,3R,7S5)-3,7-dimethyltridecan-2-ol 1 do not inhibit
the biological activity of the natural pheromone.?
Recently, Hedenstrom et al. have performed a synthesis
of (2S5,3R,7R/S)-3,7-dimethyltridecan-2-ol 1 using
stereoselective enzymatic acylation of racemic threo-3,7-
dimethyltridecan-2-ol 1 to create the required sterco-
chemistry at C-2 and C-3 carbon atoms.? In the present
work a new convenient approach to the synthesis of 1
starting from ethyl (S)-lactate has been performed.

For the preparation of organic compounds with methyl
or methylene substituents, it is sometimes convenient to
use a three-membered ring cleavage in an appropriate
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cyclopropanol precursor.* Thus, C-1-C-3 bond cleav-
ages in the three-membered cycle of 1,2-disubstituted
cyclopropanols leading to the corresponding o-methyl
ketones, were successfully used in short syntheses of
racemic pheromones of the German cockroach Blattella
germanica and mixobacterium Stigmatella aurantiaca.>®
In the present work, to create the methyl-branched
skeleton of (2S,3R,7R/S)-3,7-dimethyltridecan-2-ol 1,
we have used an alternative approach based on the
transformation of mesylates of cyclopropanols into 2-
substituted allyl halides accompanied by C-2-C-3 bond
cleavage of a three-membered ring.’

To obtain the key (2S5)-3-(bromomethyl)but-3-en-2-o0l 2
we used ethyl (S)-lactate 3, which was transformed into
the corresponding THP derivative 4 (Scheme 1). The
ester 4 was reacted with ethylmagnesium bromide in the
presence of Ti(Oi-Pr)s® to form cyclopropanol 5 in a
high yield.” The latter was transformed into mesylate 6
by a standard procedure. When treated with MgBr,, the
crude mesylate 6 underwent cationic cyclopropyl-allyl
isomerization with C-2-C-3 bond cleavage of the
cyclopropane ring.” This reaction was performed in a
diethyl ether/chloroform mixture, and was accompanied
by removal of the THP protecting group'’ to form (25)-
3-(bromomethyl)but-3-en-2-ol 2.''1? Protection of the
hydroxy group in the latter and subsequent reaction of 7
with 3-methylnonylmagnesium bromide' catalyzed by
copper(I) iodide led to allylic alcohol derivative 8 in 91%
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Scheme 1. Reagents and conditions: (a) DHP, PPTS (5mol%), CH,Cl,; (b) EtMgBr, Ti(Oi-Pr),, Et,O/THF; (c) MsCl, Et;N, Et,O; (d) MgBr,,
CHCIL/Et,0; (e) 3-methylnonylmagnesium bromide, Cul (5mol%); (f) MeOH, PPTS (5mol%.); (g) NaBH,4, NiCl,-6H,0, MeOH; (h) phthalic
anhydride, Et;N, C¢Hg; (1) (S)-(—)-1-phenylethylamine, acetone; (j) four recrystallizations from acetone; (k) KOH, MeOH; (1) CH;COCI or

C,HsCOCl, Et;N, Et,0.

yield."* Removal of the THP group in 8 by acid-cata-
lyzed methanolysis gave alcohol 9.'° Based on '"H NMR
spectra of the (4)- and (—)-MTPA-esters!'® of 9, we
found that the stereoisomeric purity of 9 at C-2 was
more than 98%.!” Smooth reduction of double bond in
9, which led to a mixture of erythro- and threo-diaste-
reomeric alcohols 1 in a nearly equimolar ratio (GLC
analysis) in 86% total yield, was performed by the action
of NaBH, in the presence of NiCl,-6H,O in metha-
nol 1819

Separation of (2S,3R/S,7R/S)-3,7-dimethyltridecan-2-ol
1 into (2S,3R,7R/S)- and (2S,3S,7R/S)-diastercomers
was performed by its transformation into acid phthalate
esters by reaction with phthalic anhydride® followed by
salt formation with (S)-(—)-1-phenylethylamine in ace-
tone. The (S)-(—)-1-phenylethylamine salt was recrys-
tallized four times from acetone and then hydrolyzed by
potassium hydroxide to give (2S,3R,7R/S)-dimethyl-
tridecan-2-ol 1, which contained 4% of diastereomeric
(2S,3S,7R/S)-dimethyltridecan-2-ol 1 in 66% of the
theoretical yield.?! '"H and '3C NMR spectral data of
(2S,3R,7R/S)-3,7-dimethyltridecan-2-ol 1, as well as 'H
NMR spectral data of its acetate (1-COMe) and pro-
pionate (1-COEt) were in accordance with the data re-
ported in the literature.'?
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