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SYNTHESIS OF OPTICALLY ACTIVE FORMS OF FARANAL,
THE TRAIL PHEROMONE OF PHARAQH'S ANT1
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Department of Agricultural Chemistry, The University of Tokyo
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Summary: (3S, 4R)-(+)-Faranal and its antipode were synthesized. The former
was comparable in bioactivity with that of the natural pheromone.

In 1977 Ritter et al. isolated faranal as the true trail pheromone of the

Pharaoh's ant, Monomorium pharaonis, and identified it as (3R,45,6E,10Z)-3,4,7
11-tetramethyl-6,10-tridecadienal or its antipode.2’3 A recent bioorganic syn-
thesis established its (3§,4g)-stereochemistry.4 We now report a synthesis of
both enantiomers of faranal with known absolute configuration.

The structure of faranal iﬂwas so similar to Juvenile Hormone Il that we
adopted the strategy previously used in our juvenile hormone synthesis.5 The
key intermediates were a phenylsulfone 2b and a chiral bromide;{. The forme(r:‘f 9
(2b), mp 39°,627 was readily obtainable from ggs by treatment with NaSOZPh/DMF:

The synthesis of the chiral bromide 3 started from cis-3,4-dimethylcyclo-
10 144
was treated with m-chloroperbenzoic acid in CHC13 to give a §-lactone 3‘(90%
yield), bp 73-76°/0.55mm. This was hydrolyzed {NaOH) and the resulting (i)-gg
was resolved with (R)-(+)-a-phenethylamine. After recrystallizing 5 times from
acetone a salt, mp 135.5-136.5°, [a]g2 + 5.02° (c=2.25, MeOH), was obtained in
12.2% yield. This was acidified {HC1) to give 92% optically pure (3S, 4§)i§J
[a]32-47.2° {c=1.23, MeOH). The lactone enriched in (+)-5 was recovered from
the mother liquor of the recrystallization and it was resolved with (S)-(-)-a-
phenethylamine to give another salt, mp 133-134°, [a]%2-4.96° (c=2.34, MeOH) in
9.1% yield. The salt was decomposed to give 90% optically pure (3R, 43);;,
[0]2% + 26.3° (c=1.85, MeoH). 112

Reduction of (3R, 43)—(+);§ with DIBALH gave a lactol 7 (86% yield). This
was submitted to the Horner condensation with triethyl a-phosphonopropionate
(NaOEt/DMF) to give an ester 8a (53% yield) contaminated with 15% of its (Z)-
jsomer as revealed by GLC analysis. After protecting the OH group as a THP
ether, the ester §E was reduced (LAH-A1C13/THF—ether) to give an allylic alcohol
2.(78% yield). This was converted to the desired bromide (35S, 4R)-3 (52% yield)
by treatment with n-BuLi-TsCl1-LiBr in ether‘—HMPA.]4 Alkylation of a carbanion
derived from 2b (n-Buli/THF-HMPA) with (3S, 4R)-3 yielded 1. (92% yield).¢T-9

pentanone 4 obtainable from butadiene and maleic anhydride via 7 steps.
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This was reduced with Li/EtNH2 to give (385, 43)~ll2 (61% yield). The THP pro-
tecting group was removed (TsOH/MeOH) to give b (87% yield). For the purpose
of one-carbon elongation llg was converted to 1lc (TsC]/CsHSN, 98% yield). The
tosylate 11c was then treated with NaCN/DMSO to give (3s, 43)-1& (98% yield).
This was hydrolyzed (NaOH/EtOH-HZO, 97% yield) to 13. Reduction of Li with
LAH/THF gave li (93% yield), whose oxidation with pyridinium chlorochromate
yielded crude product 1 (72% yield). This was purified by preparative GLC (20%
PEG-20M, im x 3mm at 160°) to give (35, 4R)-faranal 1, [a]3% + 16.2° (c=0.50,
n-hexane); MS : m/e 250.2327 (M+, Calcd. for C17H300 : 250.41) ; Vmax 2700 (w),
1720 (s) em™'; & (400 MHz, CeDg) 0.69 (3H, d, J=THz), 0.72 (3H, d, J=THz), 0.94
(3H, t, J=7.5 Hz), 1.55 (3H, s), 1.69 (3H, s), 5.15 (1H, m), 5.19 (1H, m), 9.39
(1H, q, J]=1.5Hz, J2=2.5Hz). Similarly (3S, 4§);2 yielded (3R, 4S)-faranal L
[u]g3 - 16.4° (¢=0.22, n-hexane). The faranal enantiomers were thought to be
~90% optically pure reflecting the optical purity of the starting lactone enan-
tiomers 5. GLC analysis showed that the both enantiomers of 1 contained ~10%
of its (10E)-isomer, although no (6Z)-isomer was detected. Their 300 MHz NMR
spectra taken at TNO were identical with that of the natural faranal except for
some smaller signals probably due to (10E)-isomer. The bioassay of our faranal
enantiomers revealed that (3S, 4R)-(+)-isomer was far more active than the (-)-
isomer and comparable in activity with that of the natural pheromone.16

In conclusion the present work established the absolute configuration of
the natural faranal to be (3S, 4R) by organic synthetic means combined with
the bioassay data.
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