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A NEW COMPONENT OF THE DRUGSTORE BEETLE PHE~~ONE+ 
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Yaycn I-1-1, Bunkyo-ku, Tokyo 113, Japan 

(Receitied in Japan 27 hfQy 1986) 

~tract--(2~,3~,1'~,2'S)-Stegoblol 1, a new pheromone canpnent of Steqcbrum pEm1- 
ceum L., was synthesized wrth stereocontrol at C-2, C-l' and C-2'. starting from 
ethyi @)-3-hydroxybutanoate and methyl (S)-3-hydroxypentanote. Ihe sterecchemlstry 
of the naturally occurrng 1 was confumed to be 2~,3&1'~,2'~ by the present synthe- 
sis. 

Stegobiol 12,3-dihydro-2,3,5-trimethyl-6-(2'-hydroxy-l'-methylbutyl)-4H-pyran-4-onef 1 was 

recently isolated by Kodama et al. as a new component of the sex pheromone produced by -- 

females of the drugstore beetle, Steqobium oaniceum L..? The drugstore beetle is known as 

a devastating pest of stored food and crops. Stegobinone [(2S,3I&l'E)-2,3-dihydro-2,3,5- 

trimethyl-6-(l'-methyl-2'-oxobutyl~-4H-pyran-4-onel 2 was previously isolated by Kuwahara 

et al as its pheromone. 2 --* The fact that a synthetic sample of (2&3IX,l'R)-2 was less 

Stegobiol _l_ Stegobi none A 

(+I-Stegobinone K L 

Fig.1. The target molecule and a preliminary experiment. 

+Phe nmMe Synthesis--91. Part 90, M. Fujiwharit and K. Mri, nqric. Bid. C&an. in press. -- 
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attractive to the male drugstore beetles than the extract of the female insect suggested 

the presence of some other pheromone components.3 Kodama's reinvestigation resulted in 

the isolation of 9.7 mg of a new attractant together with 10 mg of non-crystalline 2 from 

150,000 adult beetles of mixed sex.' The new attractant showed the same level of biologi- 

cal activity as that of 2 even at 10s3 ug, and was named stegobiol. The structure 

(2s*,3~*,1'~*)-1 was proposed for stegobiol basing on the spectral evidence coupled with 

the observation that reduction of (k)-2 with Zn(BH412 generated (~1-1 and its diastereo- 

isomer.' No information was available, however, concerning the stereochemistry at C-2'. 

In order to clarify the complete absolute stereochemistry of natural stegobiol, we became 

interested in synthesizing optically active 1 stereoselectively. 

Prior to our attempt to achieve a chiral synthesis of 1, we had to settle the problem 

of the stereochemistry of C-2' relative to that of C-l'. To obtain information for that 

purpose, we reduced (*I-stegobinone [(22*,3R*,l'R*)-21 with NaBH4 to give a separable 

mixture of alcohols A and B as shown in Fig.1. The separated alcohols were analyzed by 

500 MHz 'H NMR, MS and TLC. The more polar one was identical with natural stegobiol 1. 

OH 

A/ C02Et 
c c * 

y 

\j\/C02Me C02Me - C02H 

R=H 
R=DNB 
R=(R)-MTPA 
R=TBDMS 

(2S,3R,l’S, 2’S)-l_ 

NO2 8 FF3- 
’ MTPA = 

NO2 

-C-Ca 8 TBDMS = -!$- 

bMe 

Fig-Z. Synthesis of (2S,3R,l'S,Z'S)-stegobiol. 
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The difference in polarity of A and B was thought to be the reflection of the ease of the 

formation of the intramolecular H bonding as shown in Fig.1. The stereoformulas of A and 

B clearly show that the isomer B should form the H bonding more easily due to the eq 

nature of the Etgroup attached to the chair-like six-membered ring resulting from the 

formation of the H bonding. In addition, a severe interaction may take place in the case 

of the isomer A between the Me group at C-5 and the Et group as shown in the formula. 

This of course destabilize the H bonding. The alcohol B was therefore thought to be less 

polar, and the natural stegobiol must have the structure A [=(2S*,3~*,1'S*,2'S*)-11. AS 

stegobiol 1 is the congener of (2S,3IJ,l'R)-stegobinone 2, it seemed highly probable that 

the absolute configuration of natural stegobiol is 2&3&1'&2'& Consequently we decided 

to synthesize it [=(22,3E,l'S,2'S)-l I. 

As shown in Fig.2, the synthetic strategy for stegobiol 1 was the same as that 

employed previously for stegobinone 2.3 As intramolecular acylation (8-l) was the key- 

step. The starting materials were ethyl (R)-3-hydroxybutanoate 3 (100 % e.e.14 and methyl 

(S)-3-hydroxypentanoate 5 (98 % e.e.).5 Both of these two esters 3 and 5 were of micro- 

bial origin. 

The 13-steps conversion of 3 to a hydroxy ketone 4 was carried out as reported pre- 

viously by us in 27.0 % overall yield.3 The chemical purity of 4 was shown to be > 97 % 

with optical purity of 100 %. Conversion of 5 to 7 was executed as follows. Alkylation 

of a dianion derived from 4 according to FrAte# afforded 6a as the major product contami- 

nated with a small amount of the starting material 5 and the w-isomer of 6a (5:6a:the 

G-isomer of 6a=12:79:9).7 This mixture was acylated to the corresponding mixture of 

3,5-dinitrobenzoates which was recrystallized to give pure 6b.8 Saponification of 6b with 

KOH aq gave pure 6a in 86.0 % yield, whose GLC analysis showed its chemical purity to be 

100 %. The optical purity of 6a was also confirmed to be 100 % by the HPLC analysis of 

the corresponding (RI-a-methoxy-a-trifluoromethylphenylacetate (MTPA ester)' 6c. Silyla- 

tion of 6a with t-butyldimethylsilyl chloride (TBDMS Cl) gave 6d in 91.0 % yield. This 

ester 6d was saponified with KOH aq to give 7 in 98.9 % yield. Esterification of 7 with 4 

was carried out under the Yamaguchi condition, lo using commercially available 2,6-dichlo- 

robenzoyl chloride instead of 2,4,6-trichlorobenzoyl chloride in the original procedure, 

to give 8 in 91.9 % yield. Treatment of 8 with 2 eq of (Me3Si12 NLI followed by acidifi- 

cation with C1CH2C02H aq and deprotection with HF aq afforded (2S,3R,l'S,2'S)-stegobiol 1 

in 17.9 % yield after purification by prep TLC. Our synthetic stegobiol 1 showed IR, NMR 

and mass spectral properties identical to those of the natural pheromone.' The specific 

rotation of (2S,3R,11S,2'S)-1, [al;' -110°*60 (CHC13), was in agreement with the value 

reported for natural stegobiol, [aID -98.3O (CHC13).' As shown in Table 1, the CD spec- 

tral data of our synthetic (2S,3I7,l'S,2'S)-l were in good accord with those of the natural 

pheromone. The absolute configuration of natural stegobiol was thus assigned as 

2S,3&1'&2'& The overall yield of (22,3R,l'S,2'S)-l was 4.4 % in 17 steps from 3 or 1.9 

% in 9 steps from 5. 

Table 1. CD spectral data of natural and synthetic stegobiol I. 

Natural' Synthetic* 

(2&3R,l'S,2'2) 

x 355 nm AE -0.70 -0.80 

341 -1.46 -1.64 

329 -1.50 -1.69 

282 +0.25 +0.25 

254 -0.72 -0.82 

* c=O.O65 in "-hexane, 1 mm cell, roan temp=21° 
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In summary, the first chiral synthesis of (-)-stegobiol was achieved. Our synthetic 

pheromone showed the same level of pheromone activity as that of the natural one when 

tested against the drugstore beetles. 

EXPWnmNTAL 

All &6 and m.ps were uncorrected. IR spxtra were measured as films for oils or as Nu30* mulls for solids cn a 
Jasoo E?A-102 s-meter. 1~ tf&f~ spctra were recorckd at 60 MHZ with TEIS as an internal standard cm a Hitachi R-24A 

spectrometer unless otherwise stated. lH NWR at 500 Wliz were recorded 00 a Broker AW-KY) spectrometer. Optical rotatims 

were measured on a Jasco DIP140 @arimeter. (D spectra were recoiled on a Jasco J-20 automatic spxt.rupz&u'imeter. GIL 

analyses were performed on a Yanaco G-180 gas chromatcqra#. GLC-MS were measured cm a JHS-LX MO a~~~atus. 

Hethyl (2S,3S)-3-hydroxy-2-methylpentaooate Q. A soln of IA4 was prepared by the dropwise addition of @uLi sol" (I.52 N 

in "-hexane, 99 ml. 150 mmolf to a stirred and cooled s&n of (i-Prj2NH (15.2 g, 150 mmol) in dry 'lifF (30 ml) at O" tier 
Ar. Ihe mixture was stirred for I h at 0'. To d stirred Kd coal& (-60") sola of LB was add& dropiise a soln of 5 (9 

g, 68.2 mmol) in dry m (6 ml). ?he mixture was stirred for 30 min at -MO. m this stirrgl and cooled t-30') mixture 

was aMed drcpwise a sol" of Me1 (Il.6 g, 818 mmol) in HMPA (16 ml) at this temp The stirring was continued for 45 min 
after the addition with a gradual rase of the reaction temp to room temp ?he mixture was pxred into eat NH4Cl aq and 
extract& with ether. RK ether soln was washed with brine, dried fW9SOqf ad omcentrated in vac~yz 'ihe residue was -- 
distilled to give 8.16 g (82.0 0) of 68, hp. 86+3"/9 Torr, CZC tCol.umn, m-101, SO m x 025 mm at 100"+2*f"inr farrier 

gas, N2, 1.0 kg/cm2): Rt 12.1 min (1l.S P, 5). 15.5 min (79.3 %. 6a), 162 min (a96 0, *-isomer of 6aL 

Nethyl (2S,3S)-3-(3',5'-dinitmbenzoylaxy)-Z-methylpzntancate 6b. Tb a stirred and ice-cmlel soln of 6a (8.40 9, 57.5 

mm&), E0Z (15.4 g, 74.8 mnol) d EMAP (912 "g, 74.8 mmcl) in dry ot2C12 (140 ml) was added 3,5-dinit rcbenwic acid (15.9 

9, 74.8 ""01). ?he "txture was stirred overnight at ro3m temp. diluted with ether (303 ml) and filtered. l?~e filtrate was 

wash& with water, 5 % A&# aq axl water, dried IMgSiI.+ anl concentrated in vacua 7he residue was chromatqlraphed over -- 
SiO, Cmji Davison BW-820 NH, 300 9). Slution with Q&-ether UO:l-5:l) gave cnde 6b mis was repeatedly recrysta- 

llizezl from n-hexane+H6 (7:l) to give 3.15 9 (17.9 0 recovery) of pxe 6b as colorless leaflets, mp 54-55"1 [alal 

+16.0* (c-1.12, cx13); ""ax 3140 (w), 3105 (w), 1730 (9). 1720 fs), 1630 (ml, ISY) (s), 1347 (s), 1295 ("1, 1185 (ml, 735 

(ml. 720 (m> cm-l, 6 (CDc131 1.01 (3H, t, J=7 Hz). 1.29 f3H. d. J=? Hz). 1.60-2.35 flH, m), 3.00 (lH, dq, J=7, 7 Hz). 3.71 

(3H, 6). 5.15-5.70 (1H. m), 9.00-9.50 13H, ml. (Found: C. 49.41; H, 4.80; N, 8.13. Calc for C14H1608N2: C. 49.42; H. 4.741 

N, 8.23 0). 

Nethyl (2S,3S)-3-hydroxy2-methylpentanoate 6a. To a stirred dnJ ice-moled soln of 6b (1.80 g, 5.29 mmol) in ?HF-HeCY( 

(l:l, 20 ml) was added drqise N KCH aq (5.82 ml, 5.82 mmol). The red-violet-colored reaction mxture was stirred for 2 h 

at O” and dilutfxl with set N&X3 aq (20 ml). Ihe organic layer was sepxrated and the aq layer was extracted vitb ether. 

me combined organic sol" was washed wth brine, dried (MgSO4) am3 concentrated in vacua 'I& residue was duomatcgraphed -I_ 
over SiO, (Fu)i D&son BW-8M MH, 60 g). El&ion with C-hexane-C&-ether (5:5:1) gave 61, which was distilled to give 

665 "9 (86.0 %) of we 6a, bfi 69-700/5 Wrr; nz2 1.42548 Iala +12.2' (c=l.?Z, CXl3h vmax 3480 (br), 2980 Is), 2950 

(s), 2890 cm), 1730 (61, 1460 (s), 1435 (~1, 1260 (~1, 1200 (s), 1170 (5). 1120 (s), 1080 cm), 1055 (ml, 980 (s) cm-'; 6 

(0X4) 0.93 (3H, t, J=7 Hz). 1.13 13H, d, J=7 Hz), 1.20-1.75 12H, ml, 2.43 (Xi?, dq, J=7, 7 Hz). 2.75 (1% d. J=7 HZ), 

3.1-3.7 (4H, m, containing 3.62, 3H, 6). GiC Kolumn, UV-101, 50 m x 0.25 mm at 1C0°+20/minr Carrier gas, N2, 2.1 kg/cm2>: 

Rt 14.4 min (single peak). (Found: C, 57.56; H, 9.66. Calc for C7H1403: C, 57.51; H, 9.65 %L 

Determination of the optical laxity of 6a. -- Acylaticm of 6a w1t.h Hl??A-Cl prelxared from either (El-WTPA or LS)-MTPA gave tW0 

diastereomers of 6c in the usual "anner.g HPLC analysis of 6c (Column, t?.KuX61L!5, 25 cm x 4.6 ""r Solvent, :-h-e- 

THP-MeCH (6aO:100:llr 0.8 nllminr Eetected at 254 nm) Rt 25.8 min ~(~)-MTPA ester], 27.5 "in [(R)-W'lPA ester]. Ihe 

optical plrity of 68 was estunated to be 100 0. 

Methyl (2S,3S)-3-t-tutyld~methylsilyloxy-2-methylpentaxate 6d. Imidazole (627 mg, 9.22 mmol) and TPDMSCl (946 mg, 6.29 

mmol) were added to a stirred soln of 6a (612 "9, 4.19 ""01) in dry DWF (10 ml). The mixture wa8 stirred overnight at rco" 

temp. It was then wr& into ice-water an3 extracted w1t.h ether. me ether soIn was washed with water and brine. drigi 

(MgSQ4t ard crmcentrated in vacua -- 'ibe residue was distilled to give 1.03 g (91.0 %I of fad, hp. 03-&4"/4 TorTi ng4 

1.4374; 1018~ +3a5" k=o.816, cxci3jr ~md~ 2970 cd, 2940 (5). 2900 cm), 2870 (sf, 1745 ts), 1460 cm), 1255 (s), 1195 (~1, 

1170 (s), 1120 (s), 1080 (a), 1055 (~1, 1015 (61, 1005 (~1, 835 (~1, 775 (s) cm-l , 6 (CC14) -0.05 (6H. s), 0.83 (3H. t. J=7 

Hz), 0.86 (9H, 8). 1.03 (3H, d, J=7 Hz), 1.1-1.7 (2H, m), 2.54 (1H. dq, J-7, 7 Hz), 3.58 (3H. s), 3.65-4.10 (1H. m). 

(Faud: C, 5Y.P& H, 10.84. C&e far C1$2803Si: C, 59.95; H. 1084 6). 

(2S,3S)-t-~tyldimethyls~lyloxy-2-methyl~tano~c acid 7. TO a stirred soln of 6d (963 "g, 3.70 mmoi) in M&Xi (10 ml) was 

added dropwise N KC?i ag (48 ml, 4.S mmol). The mixture was stirred for 6 h under reflu After cooling. it wa.% concent- 

rated in vacw to remove Meat ?he residue was extracted with ether. 'Ihe aq layer was acidifid (m 5) by additicm of -- 
A&Xi, ?his was extracted with ether. ti ether sol" was washed with water. dried'(NgSOq) anl ooncentratgf in vacua ti -- 
give 901 mg (Y8.9 a) of 7. urnax MO3 tbrf, 2970 fsf, 2950 (s), 2?KXl (8)‘ 2870 (s), 1710 (9). 1460 (ml, 1250 (s), 1120 (s), 

1080 fsf, 10% fsl, 1015 (s), 835 fsf, 775 (8) cm-l. lhie was used in the next step without further purification 

(l'S,2'R)-l',2'-Di~ethyl-3'mopMtyl G?S,3S)-3-t-butyldimetbylsilyloxy-2-methylpentanoate 8. 2,6-Dichlor&enzoyl chloride 

(577 "9, 2.76 "mol) was added to a mixture of 7 (678 "g, 276 mrrol) and !%t3N (306 "9, LO3 mmol) in dry 'l?lF (14 ml) under 

Ar. 'Ihe mixture was stirred overnight at rco" temp. After the removal of Et3N*HCl by filtration. the filtrate was 
nncentrated tier N2. ax? the residue ~~16 dissolved in dry C6H, (10 ml). m Uris saln were added a soln of 4 (358 "9, 

2.76 mmoll in dry C&, (3 ml) ard DMAP (370 "9, 3.03 mmol) in dry C6H, f3 ml) at 0' urder Ar, me resulting mixture was 

stirred for 5 h at 0'. It was then diluted with ether (15 ml), washed with N HCl, water, sat NaHcD3 ag and brine, dried 

(MgS34) and anxentrated in vacua Ihe residue was pxified by chromatography war SiO, (Fuji Davison BW-820 MH. 30 9). 

Eluticm with z-hewane-ether (2&l) gave 906 "9 (91.9 6) of 8. "ma 2x3~ (s), 2950 (s), 2900 cm), 2880 ("1, 1740 (s). 1720 

(sJ, 1460 (m), 1265 is>. 1185 (6). 1125 (sf, 1115 (s), 1055 (sf. 1015 (s), 835 (s), 775 (sl cm-l, 6 (CClq) 0.05 (6H. sfr 
0.6-1.7 (26H, m, containing 0.87, YH, s), 2.2-2.9 f2H, m), 3.6-4.1 (lH, m). 5.03 (1% dq. 5x6, 6 Hz). 
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(2S,~l'S,2'SEZtegcbiol 1. Ye a soln of 8 (100 mg. 0.28 mmol) in dry nip (5 ml) ard maw (lml) was added miss ard 

slowly a aoln of fNe3Si@Li in dry l'iP (0.34 N. a83 ml. 0.28 mmol) with stirring at -70' undex Ar. The rwcti.a temp was 

gr&ually raisedtoO over 2h %an the reactionmixture wascoaled f-70") again, a&to it wasaddedmisaa soIn of 

fMe3Si)m in dry llfF (0.34 N, 083 ml, 038 mmol). Ihe reaction tap was gradually raised again to OD - 2 h. 7tie 

mixture was par& inta 10 \ ClOr2CQ$ aq (25 ml) and lWF (25 ml). After stirring overnight at - temR the soln vd* 

mncentrated in vaao to remove 'IVIF. Ihe residue !#a$ extracted with ether. Ihe ether soln ~a.9 washed with water, sat 

NaHoD3 aq an&brine, drigf (N-4) awl xncantrated in VIM 'Ihe residue WZLB dissolved in Wean (2 ml). To this soln were 

added 3 dropl of 46 P Hf aq. After stirring for 5 h et - temp, the mixture was diluted with ether (10 ml). Ihe ether 

soln was washed with water, dried tN$B4) ard -tr&ai in vacua ltze residur, (42 mgf was puified by preparative TX -- 
(Nerck Kieeelgel 60 F254, ~-bane- ether-1:3. Rf-3.23) to give 11.3 mg (17.9%) of 1, [albg -110f6° (642, fX13)r "may 

3450 (br), 2995 (ml, 2945 (m), 2895 cm). 1655 (~1, 1605 (~1, 1450 cm), 1385 (III), 1375 (III), 1345 (m), 1145 (~1, 1115 (ml, 

995 (ml cm-l> 6 KEC13, 500 NHz) 1.00 (3H, t, J-7.4 Hz), 1.04 (3H. d.Js7.3 Hz), 1.18 (3H. d, J37.1 Hz), 1.33 (3%. d, J-6.6 
Hz), 1.42 (lH, ml, 1.60 (IS, ddq. J-14.0, 7.4, 3.8 Hz), 1.75 (3H. 8). 1.89 (1H. d, J-7.4 Hz). 2.38 (IH, dq. J-7.3, 3.4 Hz), 

2.86 (1% dq, J-7.1, 6.8 HE), 3.58 flH, ddd, J=8.5. 6.8, 3.8 Hz). 4.49 tlH, dq, J-6.6, 3.4 Hz)1 NS m/z 227 fN++I, 4 01, 
226 (M+, 2'7 a), 168 (100 8, base peak), 141 (21 6). 139 (14 a), 124 (16 \f, 113 (91 $1, I12 (90 \),-I~9 (18 %I, 83 (51 t), 

59 (26 91, 57 (37 t), 56 (23 \), 55 (21 \)I 13C-NMR 6 (CCC13, 125 Nliz) 9.3, 9.5, 10.2, 14.8, 16.0, 28.4, 41.0, 43.8, 75.5, 
109.5, 172.7, 197.2. wxlrd: z/z 22iLl581. CalC for Cl3H2~03: 226.l569L In eddition to 1, C-3 epimer fRf4.29, 14.0 mg 

(22.2 011 of 1 was also isolated. althcxgh it could not be pxified canpletely. Other by-ducts were 4-methyl-4-hexen-3- 

axe (vmax 1675 cm-l) ard 3-silyloxy-2-metbyi~tanoic acid (15 o reaxery) generated by a r&xv-Ni&ael process. 
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