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SYNTHESIS OF A SIMPLE ANALOG OF PERIPLANONE-B
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6-2 Umegaoka, Midori-ku, Yokohama 227, Japan

Summary: The synthesis of a simple analog (1) of periplanone-B with high biological activity
is described mainly on the examination of the conformational property of the key
intermediate 3 by molecular mechanics calculation and dynamic NMR spectroscopy.

Periplanone-B (P-B) is the major sex pheromone component of the American cockroach,
Periplaneta americanal). The potent attractant activity (threshold: 10-7pg)2) was expected to
serve as an efficient controlling agent of this tenacious pest. However, the synthetic
methods3) reported for P-B usually required multistep and sophisticated procedures, because
of the difficulty of constructing the 10-membered ring skeleton and stereocontrollings of the
four chiral centers. Thus, we have investigated the possibility to generate structurally
simplified P-B analogs which are suitable to the practical use.

Recently, we pointed out that the oxygen-containing functionalities on the molecules and
their unique 3-dimentional placements appeared to be important to the pheromonal
activity4), on the basis of the structure-activity study on periplanones and some
germacranoid analogs. Considering these points, we attempted to synthesize a simplified
analog 1, which lacks isopropyl group at C-7 and exo-methylene group at C-4 of P-B, from
easily obtainable 10-membered ring compound 2. Since these groups were postulated to play
an important role to the conformational property of the flexible 10-membered ring system5),
the examinations of stereoselectivity on the synthetic intermediates and the conformational

analogy of the final product are critical for the success of this synthesis.
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The starting material 2 could be obtained in large scale by a modified method of Wharton et
al.6), in which the (E)-cyclodecene skeleton was constructed via facile Grob fragmentation.
The compound 2 was converted into the corresponding silylenol ether (LDA/TMSCI,-15°),
which was treated with mCPBA ( hexane, <0°) and following protection (Et3SiCl/Py) of
hydroxyl group gave 3a, the key intermediate of this synthesis, in 65% overall yield.

For the prediction of the stereoselectivity of the epoxidation at C-1 and 2, molecular
mechanics (MM) calculation was applied on 3b (R=t-Bu). The initial geometries were
exhaustively generated by high-speed computer program CONFLEX27), and their energy
minimizations on MM2-85 identified eight energy minima within 4 kcal/mol. The most stable
conformers and the Boltzmana distribution at 300K were illustrated in Fig. 1. The mechanistic
consideration of the peripheral attack epoxidation5) at C-1 and 2 suggested that the lower
energy conformers (A-D) and higher ones (E-H) should lead to a- and B-epoxides related to C-
10, respectively. As the combined ratio of the former conformers was calculated t0o be 97% at
258K and 99% at 195K, this reaction would proceed with high a-selectivity.

To verify the result of MM-calculation, we examined the compound 3a by lH-NMR
spectrdscopy (500 MHz, in CDCI3) in various temperature. The lower field signals (Fig.2),
which could be assigned‘ito be three olefinic protons at C-1, 2 and 6, and one C-9 siloxy
methine proton, is severely broadened at 300K, of which the feature was rather improved at
323K. In contrast, as the sample is cooling, each of the four signals begins to separate inté
three signals, which is essentially complete by 223K. Assuming that these signals (a-c) are
arisen from the lower energy conformers A-C8), this result. was essentially in consistent with
the MM ;;rediction, although the conformer distribution (68:17:16) observed at 223K was not
accurately agreed with the cal;ulatcd ratio (88:6:6).

In practice, the epoxidation (tBuOOH-KH/THF, -15°) of 3a gave 4 as the only detectable
stereoisomer in 56% yield. When the conformational property of 4 was assumed to be similar
to that of 3a, the introduction of spiro epoxy group by émploying chloromethyllithium
reagent?) (JTHF, -78°) should give § in high stereoselectivity. This reaction proceeded
smoothly to afford single bisepoxide in 85% yield. Then, conventional deprotection (Bu4NF)
and oxidation (PCC-MS3A) of the C-9 hydroxyl group gave crystalline compound 110) (m.p.
66.5-68°) in 73% yield. The X-ray crystallographic analysisll) established the correct
relative stereochemistry at C-1, 2 and C-10. As can be seen in Fig. 3, the outline along the
three oxygen-containing functionalities of the crystal structure of 1 overlaps well with that of
p-B12),” Bioassay2) of the compound 1 showed high activity (threshold 10-3pg), which is 104
times more active than germacrene-D13), one of the potent periplanone-mimics.

In conclusion, the successful synthesis of the bioactive analog 1 indicated the possibility to

create more simplified and practically useful analogsl4), and confirmed the importance of the



Fig. 1 Energy minima of 3b (R=t-Bu)
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oxygen-containing functionalities and their 3-dimensional placements, which are depend on
the ring conformation, to the pheromonal activity. It is also noteworthy that MM-calculation
is a useful tool for the conformational analysis of medium-sized ring system, such as the

compound 3, of which the NMR spectrum is not interpretable by standard methods.
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