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mitting all of the synthetic samples to careful bioassay. By the request of Prof. Burk- 

holder, we undertook the synthesis of four optically pure stereoisomers of 5-hydroxy-rl- 

methyl-3-heptanone. 

0.rr strategy was to synthesize all of the four stereoisomers starting from a single 

chiral source, methyl (R)-3-hydroxypentanoate 3. This hydroxy ester 3 was readily avail- 

able in quantity by a microbial process,j and extensively employed by us for natural 

products syntheses.4"7 The key-features of the present synthesis as shown in Fig.2 were : 
(i) a diastereoselective methylation of 3 to 4 according to Fr&er,8 (ii) non-stereoseleo- 

tive addition of EtMgBr to 6 to give a mixture of 7 and 8 followed by the separation of 

these two diastereomers, and (iii) oxidation of the unprotected OH group of the diol 

derivatives 7 and 8 to give the desired ketol enantiomers 2a. For the synthesis of la, a 

Mitsunobu inversion of 5b to 10a was followed by a sequence of reactions similar to that 

mentioned above [(ii) and (iii)]. 

Conversion of the hydroxy ester 3 to Sa via 4 was reported previously by Mori and 

Watanalz=z4 After repeated recrystallization, 5a was saponified with KOH aq to give 5b. 

The alcohol 5b was proved to be both chemically and optically pure (100 %) by analyzing it 

by GLC or by analyzing the corresponding (R)-a-methoxy-a-trifluoromethylphenylacetate 

(MTPA ester)' SC by HPLC. Silylation of 5b with t-butyldimethylsilyl chloride (TBDMS Cl) 

gave M, which was hydrogenolyzed over W-C to give 5e. The Swern oxidation" of Se gave 

an unstable aldehyde 6. This aldehyde 6 was immediately treated with EtMgBr to give a 

diastereomeric mixture of alcohols 7 and 8 (ca 2.4:1 ratio) in 72.9 % yield. These two 

isomers were readily separable by Si02 chromatography, and each of them was fully charac- 

terized. The stereostructures 7 and 8 assigned to the alcohols were based on their 13C 

NMR spectral data. It is well known that 13C NMR spectroscopy is an excellent tool for 

clarification of such syn- or anti-stereostructures as encountered in 7 or 8."-13 When 

the relative configuration of the vicinal OH and Me in a compound like 7 or 8 is a, its 

methine carbon (CHMe) resonance generally appears downfield of the corresponding resonance 

of the w-isomer. 11-13 In the present case, the more polar isomer showed a CHMe signal 

at 42.5 ppm, while the less polar one exhibited it at 37.1 ppm. We therefore deduced that 

the less polar isomer must be the z-isomer 7 and the more polar one should be the pnti- 

isomer 8. Oxidation of 7 by the Swem method" was followed by deprotection of the TBDMS 

group to give (4&5R)-2a, [alg3 -37.8O (ether), in 69.1 % yield from 7. The 13C NMR 

spectral data of (4R,5R)-2a (6 13.9 for anti-CH3, 6 51.2 for CHMe and 6 74.9 for CHOH) 

were in good accord with the data reported for (4R*,Sg*)-2a (6 13.9, 50.7, 74.9)." We 

then turned our attention to the conversion of 8 to (4S,SS)-2a. The OH group of 8 was 

protected to give the corresponding THP ether 9a in 97.7 % yield. The TBDMS group of 9a 

was then removed by treatment with @-Bu)4NF to furnish 9b in 88.1 % yield. Finally the 

Swern oxidation of 9b was followed by deprotection of the THP protective group to give 

(4&52)-2a, [a]z2 +36.8O (ether), in 65.2 % yield. The overall yield of (45,5g)-2a from 3 

was 9.1 % in 13 steps, while that of (42,5S)-2a from 3 was 3.1 % in 15 steps. 

The next task was the synthesis of both the enantiomers of la. Conversion of Sbto 

lob was executed as reported previously employing the Mitsunobu inversion (5b+10a).4 

Both the chemical and optical purities of lob were confirmed to be 100 %.4 The Swern 

oxidation of lob yielded an unstable aldehyde 11, which was immediately treated with 

EtMgBr to give a diastereomeric mixture of alcohols 12 and 13 (ca 1:3 ratio) in 76.1 % 

yield. These two isomers were also readily separable by Si02 chromatography and fully 

characterized by 13C NMR spectroscopy. Namely, the less polar isomer exhibited a CHMe 

signal at 6 41.6, and the more polar one showed it. at 6 38.5. The less polar one was 

therefore the anti-isomer 12 and the more polar one was the E-isomer 13. Hereafter the 

synthesis followed the route described above for the synthesis of 2a. Thus the anti- 

isomer 12 gave (4&5S)-sitophilure la, [al, 2o -26.7' (ether), in 66.8 % yield. The 13C NMR 
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spectral data of (4R,5S)-la (6 10.7 for ~JIJ-CH~, 6 50.9 for CHMe and 6 73.4 for CHOH) were 

in good accord with the data reported for (4I&*,5S*l-la (6 10.2, 49.7, 72.81." The _svn- 

isomer 13 was converted to (4S,5l&l_sitophilure la, [u]~~ +27.0° (ether), in 49.4 % yield 

via 14a and 14b. The mass spectra of the enantiomers of la were entirely identical to 

those reported for the natural sitophilure' and for (4g*,5S*l-la.2 The overall yield of 

(4R,5S)-la from 3 was 2.0 % in 13 steps and that of (4&5Rl-la from 3 was 4.3 % in 15 

steps. 

GLC analyses of synthetic la and 2a revealed their chemical purities to be > 98 %. 

Their corresponding @I-MTPA esters lb and 2b were analyzed by both 'H and "F NMR spec- 

troscopy. The results were listed in Table 1. The NMR spectrum of each of the (RI-MTPA 

esters showed no contamination with any other isomers. The chemical as well as optical 

purities of each of the isomers were therefore thought to be > 98 %. 

Table 1. 'H and "F NMR chemical shift valuesa of @I-MTPA esters 

of the four isomers of 5-hydroxy-4-methyl-3-heptanone 

500 MHz 'H NMR (CXX3)b) 470 MHz "F NMR (CF31c) 

( 45,5F1) -1 b 3.49 ppn 71.48 ppn 

(4&5S) -lb 3.47 71.54 

(4&5Sl-2b 3.46 71.58 

(4&5Rl-2b 3.45 71.65 

a) measured on a Bruker AM-500 spectrometer in C6~6 

b) lMS was used as an internal standard. 

c) CFC13 was used as an external standard. 

In summary, we synthesized the enantiomers of the pheromone components of the rice 

weevil and the maize weevil (la and 2a) employing methyl (RI-3-hydroxypentanoate 3 as a 

single chiral source. The biological studies on our synthetic stereoisomers of la and 2a 

were carried out by Prof. W. E. Burkholder and will b-s published elsewhere in due course. 

(2S,3R)-2-Methylpentan-l.3dlol l-benzyl ether 5b. Tb a stirrd ad ice-add mln of 58 (643 g, 16.0 mmol) in 'RIF-m 

(1:l. 50 ml) wan added drqwise N KCSI ag (21 ml, 21 mmol). Ihe red-violet-mlcuredreacticn mixture wan etirrd for 2 h at 

00 ad -tratd i.nvacwtore-niFdEbcH. Tharesidue w.¶e%xtractEd with&her. lheetharaolnvaswashedwith -- 
water ad brine# dried tngw4, ad orncsntrated in MM The residue wa8 distilled to give &ZO g (97.6 $1 of pxe 5b, -- 
b.p. 115-l17°/l.1Torr, na5 1.4947, [ala5 +21.2' (c-1.05, C6H6); umax 3480 (br), 3090 (v), 3060 (ml, 2990 (a), 2960 (e). 
2900 (d, 1500 (m), 1455 (III), 1365 (ml, 1095 (d, 975 (ml, 735 (rd. 700 (8) cmeli 6 UJZ14) 086 (3X, d, Jd Hz). 0.91 (3H. 
t, J-6 Hz), 1.1-2.0 (3H. m), 2.71 (lti, br.s), 3.1-3.6 (3H, m), 4.41 (2H. s), 7.21 (5H. 8). GLC (Column, PEG 20n. 50 m x 

0.25 mm at 160'; Carrier gas, N2, LO kg/cm2): Rt 33.75 min (single peak), (Frud: C, 74621 H. 9.61. Celc for Cl3H2&: 
C, 74.961 H, 9.68 %I. 

Det.erminati~oftbec@id~ of5h Both the cnde and purified 5b were anvT.rted to tlm mrreqmding (I+wlTA 
eeters5cintheuraralmanw ~MalysdbyHFwKauu4 WUXXXL~5,25anx4.6mm,~l~t, +mxane-lWF-NeUl 

(10000:100:1), 1.1 ml/minr Detected at 254 nm),(before plrification) Rt 23.2 min (94.8 a), 25.2 min (5.2 t)t (after 
prrificaticd Rt 258 min (sin+ peak). The *id px-ity of a-de Lib waa therefor 89.6 l d that of pvifid Sb was 

loo a. 

GS,3R)-3-t-Rxtyldimethyl~iilyloxy-2-methyl-l-~t~ol benyl ether 56 Imidazde (2.26 g, 335 mm011 dTSMSC1&27 9r 

2l.7 mm011 wered%dtoa etindeoln of 5b U.llg, 15Qmmol)indqDHF W ml). 'Ihe mixture arm stirred cwexnicplt at 






