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Abstract-Both enantiomers of callosobruchusic acid were synthesized, confirming its proposed plane structure as 
(E&3. 7dimethvl-2-octene-I. Idioic acid. Both of them were biologically active as the copulation release 
pheromone of dallosobruch~s chinensis L. 

IN 1981 Yamamoto et al. isolated and identified the copu- 

lation release pheromone of the azuki bean weevil, Cal- 
losobruchus chinensis L., which induces the male to 
extrude his genital organ and to attempt copulation.’ 
They named it erectin and found it to consist of two 
synergistically acting fractions. One was a mixture of 
methyl-branched hydrocarbons such as 11, ISdimethyl- 
tritriacontane. The other was a new monoterpene dicar- 

‘Pheromone Synthesis-54. Part 53, K. Mori, H. Nomi, T. 
Chuman. M. Kohno, K. Katoand M. Noguchi, Tetrahedron 38 331, 
(1982). This work was presented as a part of K. M.‘s lecture at 
Rattanakosin (Bangkok) Bicentennial Seminar on Chemistry of 
Natural Products, Bangkok, Thailand (Aug. 1982). 

boxylic acid, which was named callosobruchusic acid.’ 

Sioce the amount of this acid in the insect was only 15 ng 
per’ female, it was impossible to isolate it in quantity 
sufficient for the measurement of various physical pro- 
perties. Indeed such data as m.p., [a],,, IR and NMR 
spectra of the acid were unavailable due to the scarcity 
of the material. The only available spectral information 
was the MS of the corresponding methyl ester. Based on 
this and other MS data, Yamamoto et al. proposed the 
structure of callosobruchusic acid to be (E)-3, 7- 
dimethyl-2-octene-I, 8dioic acid la without assigning the 
absolute configuration at C-7.’ We therefore became 
interested in synthesizing optically active forms of the 
acid, (R)-la and (S)-la, with known absolute configura- 
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tion so as to confirm the assigned structure as well as to 
know the relationship between stereochemistry and 
pheromone activity. 

Our synthesis started from methyl ( + )-epoxygeranate 
2’ and used Evans’ method of enantioselective alkylation 
as the key-step. Methyl (*)-epoxygeranate 2 was treated 
with HIO, to give an aldehyde 3, which, without 
purification, was reduced with NaBH4 to an alcohol 4a. 
Treatment of the corresponding tosylate 4h with NaI 
yielded an iodide 5. This was employed for the alkylation 
of the chiral amide enolate derived from (R)- or (S)- 
prolinol.’ (S)-Prolinol propionamide’ was converted to 
its enolate anion by treatment with 3 eq of LDA in THF. 
Then it was alkylated with iodide 5 at - loo” in the 
presence of HMPA. After I5 hr at - IOO- -95”. the 
reaction was quenched to give 6 in 46% yield with 
diastereomeric purity of %.6% (%.6: 3.4) as revealed by 
glc analysis. The amide 6 was heated with IN HCI to 
give crystalline (R)-la in 44% yield. The (R)-configura- 
tion was given to this product in analogy with Evans’ 
result.’ This was recrystallized from ether-petroleum 
ether to give pure (R)-callosobruchusic acid la, m.p. 
9l-92”, [a]v - 11.75” (c = 1.105, CHCI,). The optical 
purity of (R)-la was thought to be -93% (%.6-3.4) on 
the assumption that no significant racemization took 
place during the hydrolysis of 6 as had been observed in 
the cases reported by Evans.’ The MS of the cor- 
responding dimethyl ester (R)-lb was entirely identical 
with that of the dimethyl ester derived from the natural 
product. This firmly established the correctness of the 

tFor example, Ohloffs enantiomers of ipsdienol (2-methyl-& 
methylene-2, ‘I-octadien-tol) with 80% [($-isomer] or 91% [(R)- 
isomer] optical purity0 was sufficiently pure to establish very 
interesting species-specific enantio-specificity existing among 
bark beetles: Ips calligraphus responded to (R)-ipsdienol, while 
fps paraconfusus was attracted by the (!?)-enantiomer.’ 

$It was also found that the synthetic callosobnrchusic acid 
alone could induce the copulation release in the absence of the 
hydrocarbon mixture obtained from the insect. The required dose 
(I.5 -4.7 pg), however, was IO0 - lo00 times larger than that 
(4.7 - I5 ng) necessary in the presence of the hydrocarbon mix- 
ture. On the other hand, the hydrocarbon mixture alone was 
biologically inactive even with > 120 pg dose. The role of the 
hydrocarbon mixture is therefore only the synergist. 

assigned plane structure la. In the same manner, by 
alkylating (Rtprolinol propionamide with 5. 6’ was 
obtained whose diastereomeric purity was also -96% 
( - 96: - 4). Acid hydrolysis of 6’ gave (S)-la, m.p. 90 - 
91”, [al:’ t 10.5” (c = 0.10, CHCI,), with - 92% (- % - 
- 4) optical purity. 

It is known that in most cases samples with > 85% 
optical purity are suitable for bioassay to study the 
enantio-specificity of pheromone perception.4. “t Our 
synthetic enantiomers, (R)-and (S)-la with 92 - 93% 
optical purity, were thus assayed on male azuki bean 
weevils to compare their activities with that of the 
natural la. The result is shown in Table I. (S)-la was as 
active as the natural pheromone itself at I5 ng dose. 
However, (R)-la was also active, although its potency 
was slightly lower than that of (S)-la. To exclude the 
possibility that the bioactivity of (R)-la was due to the 
contaminating (Q-la, we carried out a further biological 
test to see the relationship between copulation release 
activity and the dose of (R)- or (S)-la given to the 
insects. The result is shown in Table 2. It enabled us to 
calculate the dose necessary for 50% copulation release 
(10 responded males out of 20; EDTo). The EDyO for (S)-la 
was 6.5 ng, while that for (R)-la was Il.4 ng. This means 
that our (R)-la is almost a half as active as (S)-la. Since 
the contaminating amount of the (S)-isomer in our sample 
of (R)-1 is only 3 - 4%, the bioassay clearly indicates that 
(R)-la is also bioactive.4 The present case is another 
example of those pheromones whose both enantiomers 
are biologically active. *. 9 It is well-established that even 
the unnatural enantiometer is bioactive in the case of the 
boll weevil pheromone [grandisol, (lR, 2S)-( + )-l- 
methyl-l-(2-hydroxy)ethyl-2-isopropenylcyclobutane]‘o 
or the German cockroach pheromone [(3S, 1 I S)-( + )-3, 
I ldimethylnonacosan-2-one].” 

The above bioassay result posed a difficulty in deter- 
mining the absolute configuration of the natural calloso- 
bruchusic acid. In the case of grandisol, its [a], value 
was known, and there was no difficulty in establishing 
the absolute configuration of the natural product.‘* In the 
case of the German cockroach pheromone, its m.p. and 
[alo value were available, and the final identification of 
the natural isomer as (3S, I1 S) was based on the mixture 
m.p. determination with the synthetic (3s. I IS)-isomer.” 
In the present case, m.p. and [a], value of the natural 

Table I. Copulation release activity of natural and synthetic catlosobruchusic acid la on Chdosobruchus chinensis 
L 

Sample NO. of responded males 

Natural &* 16.3 f 3.5'* 

@-Qf 14.3 t 1.5*** 

cS,-$,$ 16.0 f l.O*"' 

l 

l * 

l ** 

15ng (1 female equivalent) of la with l&g of 
the hydrocarbon mixture obtain3 from the female 
insects. 
Average of four replications using 20 males. 
This bioassay had been done previous1 

T 
in the 

course of Yamamoto's structural work. 

Average of three replications using 20 males. 
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chromatographed over Si02 (40g). As earlier eluted fractions 
0.45 g of 5 was recovered. Elution with CHCI, yielded 543 mg 
(46.0% based on prolinol propionamide) of 6, [a]:’ - 44.2” (c = 
1.035. CHCI,). Y,.. 3400 (m). 1720 (s). 1640 (s). 1620 (s). 1225 (s). 
II50 (s), 75b(s) cm-“; 8 (Ccl,) I.05 (3H, d, J = 7 Hz), I.18 - I:65 
(-4H. m), 1.65-2.00 (-4H, m), 2.10 (3H. br. s), 2.10-2.30 
(2H, br), 3.30-3.60 (3H, m), 3.57 (3H. s), 3.80-4.20 (IH, m), 
4.20-4.70 (IH, br), 5.52 (lH, br. s); MS: m/z 297 (hi’ = 
C16H#1N), 279 (hf.-HrO). 266 (M-OMe), 234, 197; GLC 
(Column, OV-101.30 m x 0.25 mm at 150-280” ( t Z”/min); Carrier 
gas, He): Rt 52.4 min (3.4%). 53.2 min (%.6%). Diastereomeric 
purity = 96.6%. 

I-[(S, E)-2’. 6’-Dimethyl-7’-methoxycarbony/-6’-heptenoylj-(RF 
2-hydroxymefhylpyrrolidine 6’. In the same manner as described 
above, (R)-prolinol propionamide (298 mg) and 5 (I018 mg) yiel- 
ded 246.4 mg (43.5%) of 6, [a]: t 42.7” (c = 0.709, CHCI,). Its 
spectral data were identical with those of 6. GLC analysis of 6’ was 
carried out as described for 6. The diastereomeric purity was 
calculated to be % - %.5%. 

(R, E)-3, 7-Dimethyl-2-ocrme-I, I-dioic acid (R)-la. A mixture 
of 6 (lOOma) and IN HCI (3ml) was stirred and heated under 
reflux for 2hr. After cooling, the mixture was extracted with 
ether. The ether soln was extracted with 1.3 N NaOH (20 ml x 3). 
This basic aq soln was acidified with 6N HCI to pH 4 and 
extracted with ether. The ether soln was washed with brine, dried 
(Na,SO,) and concentrated in uocuo IO give 49.1 mg of crude 
(R)-la. This was further purified by prep TLC (double develop- 
ment with CHCb-MeOH (9: I) on Merck silica gel; R, 0.51) to 
aive 29.5 ma (44.0%) of (R&la. Further recrystallization from 
ither-petroleum ether yielded 23 mg of pure (R)-la. m.p. 91 - 
92”. [a]; - 11.75” (c = I.105 CHCI,); Y,., (Nujol)- 36Ol- - 
2200 (br. m), 1695 (s), 1640 (s), 1420 (m), I300 (m). 1240 (m), I I80 
(w). I I60 (m), I I20 (w), 1080 (w), IO46 (w), 950 (m), 905 (w). 870 
(m), 830 (w), 800 (w), 750 (w), 710 (m) cm-‘. 6 (400 MHz, CDCI,) 
I.20 (3H. d. J = 7.0 Hz), I.41 - 1.48 (I H, m), l.50- 1.58 (2 H. m). 
1.63-1.73 (IH, m), 2.16 (3H, d, J=l.l Hz), 2.19 (2H. 1, J= 
7.0Hz1. 2.44 -2.57 (IH. m). 5.70 (IH. br. s). 7.5 - 10.0 (2H. br). 
(8Foo;p: C, 59.88; H. 8.05: Calc: for C,0H,60,: C, 59.98; H. 

’ (S,’ E)-3, 7-Dimefhyl-2-octene-I, I-dioic acid W-la. In the 
same manner as described above 6’ (IO0 mg) yielded 28.5 mg 
(43%) of (s)_la, m.p. 90 - 9l”, [o];’ + 10.5” -(c = 0.10, CHCI,). 
The 1R and NMR soectra were identical with those of (R&la. 
LFo;;p: C, 60.22; H. 8.13. Calc. for C,,H,,O,: C, 59.98; H. 

J&&y/ (R, E)-3. 7-dimethyl-2-ocrene-I, &dioate (R)- 

lb. Treatment of (R)-la (I mg) with ethereal CH2N2 yielded 
(R)-lb, which was purified by prep TLC (Merck silica gel, ether- 
n-hexane I :4, R, 0.33) to give pure (R)-lb, MS:m/z I97 (M’- 
OMe), 1% (M’-MeOH), I68 (M’-@, 164(M’-64), l36(M’-92). 
109(M’-119, base peak). The mass spectrum was identical with 
that of the Me ester derived from the natural product. 

Dimefhyl (S, E)-3, 7-dimethyl-2-octene-I, I-dioore (S)-lb. In 
the same manner as described above, (9la yielded (*lb, 
whose MS was identical with that of (R)-lb. 
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