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Abstract- (-)-Yellow scale pheromone 1 has been synthesized by the route vta [3,3]stgmatroprc ring 
expansion of the g-membered thtonocarbonate 3 contatntng a dtene moiety The key Z-IO-membered 
rntermedtate 2 was exclustvely synthesized by a one-pot conversron from a choral aldehyde (+)-4 and 
a drenylrodrde 14 

The yellow scale, Aonrdiella citnna (Coqulllett),2 causes widespread damage to citrus crops m addition to 

important ornamentals, and the sex pheromone offers the posslhhty of species-specific control of popuiabon 

Since the pheromone, (S,.Q-(-)-3.9-d~methyl-6-~sopropyl-5.8-decadienyl acetate 1, was first isolated m 1979.3 

It has been synthesized by several routes 4 

We found that the [3,3]sigmatroplc rmg expansion of allyhc cychc thtonocarbonates 1s extremely facile, and 

can be used III the highly stereoselechve synthesis of either Z or E olefins m lo-membered thlolcarbonates 

(startmg from &membered thlonocarbonates) 5 In order to demonstrate the synthetic utility of this method, we 

recently reported a unique and stereoselectzve synthesis of (*)-yellow scale pheromone 16 In the route (Scheme 

I), the [3,3]sigmatropic rmg expansion of S-membered thlonocarbonate 7 exclusively produced the Z-lO- 

membered thiolcarbonate 6, which was transformed via three steps mto the key lo-membered mtermehate 2 

with all of the required carbon atoms of 1 Reductive removal of the SC0 moiety m 2 with l&mm m liquid 

ammoma or hthium p,p’-di-terr-butylbiphenyhde (LDBB)-HMPA followed by acetylation afforded the 

pheromone (+)-1 In contmuafion of the synthehc study of (-)-yellow scale pheromone, we have now developed 

a direct one-pot conversion to the key lo-membered thlolcarbonate 2 from a choral aldehyde 4, and the (-)- 

yellow scale pheromone 1 was synthesized vta 2 

The ctiral aldehyde 4 was prepared as follows A commercially avalable 3-methylglutanc anhydnde was 

converted through the use of hpase PS (hpase from Pseudomonas sp )7 to its half ester (R)-9a (80% ydd, 86% 

ee) by modlfication7b of Oda procedure8 (Scheme 2) The absolute configuration of 9a was estimated from the 

data reported m the literature,* and Its enantlomenc excess was determined by the HPLC and IH-NMR of the 

dlastereomerlc amide denvatlve 9c (see Expenmental) The half ester 9a was then converted to the 

thlonocarbonate 10 (91%) by successive treatments with diborane-dlmethylsulfide followed by phenyl 

chlorothlonoformate Dusobutylalurmnum hydnde (DIBAL) reduction of 10 gave the desired aldehyde (+)-4 m 

73% yield, along with an alcohol 11 m 13% yield Pyndmtum chlorochromate (PCC) oxldatlon of 11 easily 

provided (+)-4 The [a]D value of 4 was nearly O”, but, the vanation of optical activity with the wavelength 

clearly gave a posmve opacal rotatory dispersion curve 
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Scheme 1 
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Oxldatlon of E-allyhc alcohol 12, prepared by the known procedureP9 wtth BaMn041° gave the aldehyde 

13a, which was, without punficatlon, subjected to the Witttg reachon to yield the henylstannane 13b in 70% 

Scheme 2 
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overall yield The IH-NMR of E-13b exhibited two peaks at 6 6 15 (d, J=ll 2 Hz) and 6 28 [d, J=ll 2 Hz 

(3&,_~=82 0 Hz)] due to olefimc protons The E-stereochemlstry of the double bond was confirmed by a 

comparison with 3Jsn_~ couphng constant9 of its Z-Isomer (3.Jsn_~=140 0 Hz) 1 1 The dlenylstannane 13b was 

rea&ly denved to the corresponding mdtde 14 by treatment with iodine Many attempts to generate &enylhthmm 

5 by hthmm-iodine exchange under various conditions m dlethyl ether or THF were unsuccessful, because of 

the mstablhty of generated 5 However, tlus problem could be overcomed by using pentane as solvent 12 Thus, 

addition of t-butylhthlum (t-BuLl) to a pentane solution of 14 caused a white precipitate (LtI) at room 

temperature Subsequent addition of (f)-aldehyde 46 in toluene l3 at -78 “C afforded a 1 1 mixture of 

dlastereomenc dlol monothronocarbonates 15a,b l4 (87% yield), which were separated by column 

chromatography Accordmgly, the dlenylhthlum 5 formed m hydrocarbon solvents must be remarkably 

stabilized by Its aggregation state m contrast to 5 m polar solvents Treatment of 15a (15b) with hthmm 

bls(tnmethylsllyl)am~de [(TMS)2NLl]15 (1 5 eq) m THF at room temperature went to completion instantly vza 

the [3,3]slgmatroplc nng expansion of 8-membered thlonocarbonates 3 Usual workup and punficahon by silica 

gel column chromatography exclusrvely gave the lo-membered thlolcarbonate 2a14 (2b14) m 86 5% (88%) 

yield, respectively (Scheme 3) Their 1H-NMR data were completely corresponded with those of the 

dlastereomenc mixture 2, prepared by an alternative method m the preceding paper 6 Tlus result clanfied that the 

dlol monothlonocarbonates having a dlene moiety could be sulted to the [3,3]slgmatroplc nng expansion of 

cyclic thionocarbonates 
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Scheme 3 
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The exclusive formation of the Z-double bond m 2 may be rahonahzed by the conformahonal preference of a 

charrhke tranSition state (Tc) over the more congested boathke tranSition state (Tg) leadmg to the E-Isomer 

(Scheme 4), as proposed from the previous studies 5 

We next aimed a one-pot formatlon of 2 from clural aldehyde 4 and dienyhodide 14 m one reachon vessel 

without use of (TMS)2NLi Treatment of the dienyhodide 14 with t-BuL.1 m pentane at room temperature 

Scheme 5 

w 
I 
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1 &BuLi, pentane, r t 

m toluene, -78 ‘C > O°C 

m THF, 0 “C, < 5 mm 

h=(- 
Ll 

5 16 3 

followed by ad&non of a solution of 4 m toluene at -78 ‘C, and then chlutlon of the reaction rmxture with THF 

at 0 “C successfully afforded a 1 1 nuxture of chastereomenc products 2 m 61% yield ms conversion consists 

of four reactions as Illustrated m Scheme 5 I) Generahon of chenylhthmm 5 m pentane a) Addmon of 5 to the 

ctural aldehyde 4 iii) Cychzahon of the hthmm alkoxlde 16 to I-membered thionocarbonate 3 iv) The 

[3,3]sqqatroplc nng expansion to the lo-membered product 2 It should be noted that THF 1s an mdispensable 

solvent m promotmg the steps m and iv Both dmstereomers 2 are uhhzed m the preparahon of the yellow scale 

pheromone 1, Smce a newly formed chual center m 2 1s not present in the final product We thus succeeded the 

facile synthesis of the key lo-membered mtermedlate 2 for the synthesis of pheromone 1 by simple one-pot 

procedure 

Reductive desulfunzahon of 2 by LDBB-HMPA followed by acetylation finally afforded (-)-yellow scale 

pheromone 1 m 60% yield 6 The optlcal rotation of 1 was [a]D -10 0” (n-hexane) {ht [a]D -9 48“ (n- 

hexane),k [a]D -9 83” (n-hexane),4c [a]o -11 9’ (n-hexane),4d and [a]D -12 lo (n-hexane)4g] 

Further synthetic apphcahons of the [3,3]slgmatroplc nng expansion of medium-membered thionocarbonates 

are also bemg Investigated m our laboratones 
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Experimental 

Genera1 The IR spectra were recorded on a Shlmadzu IR-435, and MS on a Hltaclu M-80 spectrometers 

The lH- and l3C-NMR spectra were taken with tetramethylsllane as an Internal standard on a Vanan Gemlm- 

200 spectrometers m CDC13 The ORD spectra were recorded with a JASCO ORD/UVJ spectrometer and 

ophcal rotahons were measured with a JASCO DIP- 18 1 Dlg~tal Polanmeter HPLC analysts was camed out with 

a Waters Associates instrument [column, p porasll, 3 9 mmx30 cm, eluent, 3% 2-propanol m hexane, detection. 

280 nm] Unless otherwise noted, S102 (Merck 9385) was used for column chromatography and the reacttons 

were carned out under argon stream THF was distilled from sodmm-benzophenone 

3(R)-Monobutyl-3-methylpentanedioate (9a): n-Butanol (0 18 ml, 2 0 mmol) and hpase PS7 (200 

mg) were added to a vtgorously s&red suspenslorr of 3-methylglutanc anhydnde (128 mg, 1 0 mmol) m 

dnsopropyl ether (10 ml) according to a known procedure 8 The reaction mixture was stirred magnehcally at 

amhdent temperature for 37 h The workup afforded 9a (80%, 86% ee) as a colorless oil 

Determination of Diastereomeric Excess of 9a The half ester 9a was converted to the 

dlastereomenc armde 9b of (S)-1 -( 1-naphthy1)ethylamme accordmg to the llteratum8, however, the enantlomenc 

excess could not determine at this stage The butyl ester moiety of 9b was converted mto the methyl ester 

through transestenficatton wth heatmg m MeOH-toluene (1 1) m the presence of d-camphorsulfomc acid for 20 

h The dlastereomenc excess (d e ) of the methyl ester homolog 9c was determmed as 86% by HPLC (flow rate 

1 ml/mm, Rt 28 and 30 mm) The d e was also calculated as 86% from calculation of the peak areas at 6 3 61 

and 3 64 m the lH-NMR spectrum of 9c [ OII IFt (CHC13) 3420 (NH), 1720 (CO), 1650, 1495 cm-l lH- 

NMR 0 99 (3H, d, .I=6 0 Hz, CmCHCH2), 167 (3H, d, J=6 0 Hz, C&CHNH), 1 98-2 57 (5H, m, 

2xCH2, CH3CuCH2), 3 61 and 3 64 (total 3H, each s, CH30/13 l), 5 87-6 03 (2H, br, NH, CH3CHNH), 

740-8 15 (7H, m, ArH) MS m/z 313 (M+) HR-MS m/z calcd for Cl9H23N03 313 1676, Found 

313 1672 

3(R)-O-4-Butoxycarbonyl-3-methylbutyl O-Phenyl Thlonocarbonate (10): A 2 0 M borane- 

dimethyl sulfide complex in THF (0 59 ml, 1 18 mmol) was added dropwise over 5 mm to a solution of (R)-9a 

(198 mg, 0 98 mmol) m THF (7 ml) m a dry flask at 0 “C The reactlon mixture was stirred at 0 “C for 10 mm , 

then at room temperature for 3 h The reachon mixture was quenched with H20, made slightly alkaline with 

saturated aqueous NaHC03, and extracted with ether (2x20 ml) The combined ether solubon was washed with 

bnne, and dned over anhydrous MgS04 Evaporation gave 3(R)-butyl5-hydroxy-3-methylpentanoate (180 mg, 

98%) [IR (neat) 3400 (OH), 1715 (CO) cm- 1 IH-NMR 0 92 (3H, t, J=7 2 Hz, CmCH2), 0 97 (3H, d, 

J=6 4 Hz, C&CH), 1 39 (2H, sept, J=7 2 Hz, CH3C&). 1.47-168 (4H, m, CH3CH2Cm. C&CH20H), 

2 04-2 41 (3H, m, CH, CH20), 3 67 (2H, t. .I=6 6 Hz, C&OH), 4 07 (2H, t, J=6 6 Hz, CH2OCO)] as a 

colorless 011 A solution of phenyl chlorotluonoformate (0 35 ml, 2 54 mmol) m acetomtnle (2 5 ml) was added 

to a solution of the ester (459 mg, 2 44 mmol) m acetomtnle (10 ml) m the presence of pyndme (0 22 ml, 2 72 

mmol) and 4-DMAP (30 mg, 0 25 mmol) at 0 “C The reaction mixture was shrred at 0 OC for 20 mm, then at 

room temperature for 2 h The solvent was evaporated under reduced pressure to give an 011, which was 

subsequently dtluted with EtOAc-hexane (3 1) The organic layer was washed with H20, bnne, dned over 

anhydrous Na2S04, and then evaporated 111 vacua The residue was punfied by column chromatography using 

EtOAc-hexsne (1 3) for elutlon to @ve 10 (733 mg, 93%) as an 011 IR (neat) 1720 (CO) cm-l 1H-NMR 0 94 
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(3H, t, J=7 3 Hz, CK3CH2), 104 (3H, d, J=6 3 Hz, CUCH), 1 38 (2H, sext, J=7 3 Hz, CH3C&). 

1 54-I 82 (3H, m. CH20C0, 1/2xCHC&?CH2), 192 (lH, dtd, J=21 6, 7 0, 1 8 Hz, 1/2xCHC&CH2), 

2 09-2 29 (2H, m, CH, 1/2xCHCH2CO), 2 38 (1H. dd, J=17 2 Hz, 1/2xCHCJj.2CO), 4 10 (2H, t, J=6 6 Hz, 

CH20CO), 4 58 (2H, td, J=7.0. 1 3 Hz, CH20CS), 7 06-7 49 (5H, m, ArH) MS m/z. 324 (M+), 251 (M+- 

OC4Hg) HR-MS m/z calcd for C17H2404S 324 1394, Found 324 1376 

3(R)-0-(4-Formyl-3-methylbutyl) O-Phenyl Thionocarbonate (4) A 1 5 M solutron of DIBAL m 

toluene (0 46 ml, 0 693 mmol) was added dropwlse to a solution of 10 (102 mg, 0 315 mmol) m toluene (5 m 

1) m a dry flask at -78 “C After bemg stirred at -78 “C for 0 5 h, the reaction was quenched with saturated 

aqueous NIQCl The resultmg turbidity was removed by filtrahon through a Cehte pad, and washed with ether 

The combined ether solution was washed wltb H20, dned over anhydrous MgS04, and then evaporated under 

reduced pressure The residual 011 was punfied by column chromatography usmg EtOAc-hexane (3 7) for eluhon 

to gve 46 (58 mg, 73%) and 3(S)-0-(5-hydroxy-3-methylpentyl) 0-phenyl thlonocarbonate 116 (10 mg, 13%) 

ORD of 4 (c=l 62, EtOH) [up (nm) -0” (589), +4 9” (500), +18 5” (400). and +29 6” (350) 

The alcohol 11 was converted to the aldehyde 4 by PCC oxldahon m quantltatlve yield 6 

E-2,6-Dimethyl&trlmethylstannyl-2,4-heptadiene (13b) A suspension of BaMnO4 (9 8 g, 38 3 

mmol) and 126 (1 225 g, 4 66 mmol) in CH2Cl2 (120 ml) was stu-red at room temperature for 32 h Addlhonal 

BaMnO4 (9 8 g, 38 3 mmol) was added and the suspension was stirred at room temperature for another 16 h 

The reaction mixture was filtered through a Cehte pad and washed with CH2Cl2 The combined solvent was 

evaporated under reduced pressure to @ve E-4-methyl-3-tnmethylstannyl-2-pentenal 13a (1 216 g, quant ) (IR 

(neat) 1660 (CHO) cm-l lH-NMR 0 26 [9H, s (JSn_H=53 5 Hz), 3xSnCH3], 1 12 (6H, d, J=6 7 Hz, 

2xCmCH), 3 86 (lH, sept, J=6 7 Hz, CH3CII), 6 08 [lH, d, J=7 4 Hz (Jsn_~=72 0 Hz), =CH], 10 09 (lH, 

d, J=7 4 Hz, CHO) MS m/z 262 (M+)) as a pale yellow 011 A 1 6 M solution of WBULI (0 75 ml, 1 20 

mmol) was added to a suspension of lsopropyltnphenylphosphonlum bromide (462 mg, 1 20 mmol) m 

anhydrous ether (6 ml) m a dry flask at room temperature After the suspension was stlmd for 2 5 h m a sealed 

flask, a solution of the aldehyde 13a (285 mg, 1 09 mmol) m anhydrous ether (6 ml) was added to a resultmg 

wine-red soluhon The mixture was stured at room temperature for 38 h m a sealed flask The reaction mtxture 

was then diluted with n-hexane, and the resulting insoluble preclpltate was filtered through a Cehte pad and 

washed with n-hexane The combined hexane solution was evaporated uz vacua, and the residue was punfied 

by column chromatography (Mallmckrodt 60 A SPECIAL/slhca, 1 0 g) usmg n-hexane for elutlon to yield E- 

13b (220 mg, 70%) as a colorless 011 1H-NMR 0 14 [9H, s (Jsn_~=51 8 Hz), 3xSnCH3], 0 98 (6H, d, 

J=6 7 HZ, 2xCHgCH), 1 77 and 1 79 (each 3H, each s, 2x=CCH3), 3 16 (lH, sept, J=6 7 Hz, CH), 6 15 

[lH, d, J=ll 2 Hz, HC=C(CH3)2], 6 28 [IH, d, J=ll 2 Hz (Js,,.~=82 0 Hz), HC=CSn] MS m/z 288 

(M+) HR-MS m/z calcd for Q2H24Sn 288 0899, Found 288 0901 

E-S-Iodo-2,6-dimethyL2,4_heptadiene (14) Iodine (276 mg, 1 087 mmol) was added to a stirred 

solution of 13b (260 mg, 0 906 mmol) m dry ether (8 ml) at 0 ’ The reaction mixture was surred for 20 mm at 

the same temperature and then treated with saturated aqueous Na2S203 solubon until the resultmg brown color 

became colorless A 10% KF solution was added and the mixture was stlrred for additional 15 mm at room 

temperature The resultmg turbrdlty was filtered off through a Cehte pad, and washed with ether The- combmed 

ether solution was washed with saturated Na2S203 solution, brine, and dned over anhydrous MgS04 
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Evaporation of the solvent under reduced pressure gave 14 (225 mg, quant ) as a yellow 011 ~H-NMR+ 0 g4 

(6H, d, J=6 4 Hz, 2xCH3CH), 169 and 1 73 (each 3H s, 2x=CCH3), 2 37 (lH, Sept. J=6 4 HZ, CH), 6 02 

[lH, br d, J=ll 2 Hz, HC=C(CH3)2], 6 88 [lH, d, J=ll 2 Hz, HC=CI) 

(f)-0 -[E -3,9-Dimethyl-J-hydroxy-6-isopropyl-6,8-decadienyt] 0-Phenyl 
Thionocarbonates (lSa, 15b) A 1 5 M rerr-BuLi in pentane solutton (2 1 ml, 3 12 mmol) was added to a 

So~u~o~ Of 14 (390 mg, 1 56 mmol) tn pentane (IO ml) in a dry flask at room temperature The reactlon mtxture 

was stu-red for 80 mm dunng which a white precipitate deposited A solution of (&)-4 (246 mg, 0 98 mmol) in 

toluene (7 ml) was then added at -78 “C and the reaction mixture was shrred at the same temperature for I 10 ml” 

followed by at 0 ‘C for 15 mm The reactton mixture was quenched with saturated aqueous NaHC03 and 

extracted with ether The orgamc solution was washed with H20 (x2), brine, and dned over anhydrous MgS04 

Evaporation of the solvent under reduced pressure gave an oily residue, which was purtfied by column 

chromatography using EtOAc-hexane (1 49) for eluuon to gave a mixture (318 mg, 87%) of 15a14 (less polar) 

and 15b14 (polar), whtch could be separated m part by column chromatography (benzene EtOAcdO 1) 

(+)-15a A colorless oil IR (neat)* 3420 (OH) cm- 1 IH-NMR 104 (3H, d, J=6 6 Hz, Cf13CHCH2), 

1 08 and 1 16 (each 3H, each d, J=7 1 Hz, 2x=CCHC&), 1 23-2 08 (5H, br m, CH3CECH2, CHC&CH, 

CHC&CH2), 1 78 and 182 (each 3H, s, 2x=CCH3), 2 90 (lH, quint, J=7 1 HZ, =CCuCH3). 4 30 (lH, br 

d, J=10 0 Hz, CHOH), 4 61 (2H, br, CH2OCS). 6 14 (lH, br d, J=ll 6 Hz, CH3C=CK), 6 32 (lH, d, 

J=ll6 Hz, C&CCH), 7 05-7 52 (5H, m, ArH) MS m/z 358 (M+-OH) 

(f)-15b. A colorless oil IR (neat). 3420 (OH) cm -l IH-NMR 1 03 (3H, d, J=6 6 Hz, CH3CHCH2), 

1 10 and 1 17 (each 3H, d, J=7 1 Hz, 2x=CCHCK3), 1 23-2 16 (5H. br m, CH3CHCH2, CHCUCH, 

CHCJ&CH2), 1 78 and 1 83 (each 3H, each s, 2x=CCH3), 2 88 (IH, qumt, J=7 1 Hz, =CCLJCH3). 4 28 

(lH, t, J=6 9 Hz, CHOH), 4 48-4 72 (2H, m, CH20CS), 6 15 (lH, br d, J=ll 6 Hz, CH3C=Cfl), 6 29 

(lH, d, J=l 16 Hz, uC=CCH), 7 06-7 50 (5H, m. ArH) MS m/z 358 (M+-OH) 

(f)-Z-~-~sopropyl-8-methyl-4-(2-methyl-l-propenyl)-7,8,9,lO-tetrahydro-4~-1,3- 

oxathiecin-2-one (2a)* A 1 M soluUon of (TMS)2NLl m THF (0 17 ml, 0 17 mmol) was injected rapidly to 

a soluhon of (k)-1Sa (41 8 mg, 0 11 mmol) in THF (12 ml) in a dry flask with a sttmng at room temperature 

The reachon mixture was quenched by addlhon of H20 wlthin 5 mm, and dduted with n-hexane-EtOAc (2 1) 

The orgaruc layer was washed wtth H20, bnne, and dned over anhydrous Na2S04 Evaporatton of the solvent 

under reduced pressure gave an oily restdue, which was punfied by column chromatography using 15% EtOAc 

m n-hexane for eluhon to @ve 2a14 (27 1 mg, 86.5%) as a colorless 011 lH-NMR 1 06 and 1 14 (each 3H, d, 

J=6 9 Hz, 2x=CCHCH3), 1 12 (3H, d, J=6 7 Hz, C&jCHCH2), 142 (lH, dt, J=16 0, 6 0 Hz, 1/2x 

C&CH20), 167-2 10 (3H, br m, 1/2xC&CH20, CH3CHCH2, 1/2x=CHCfL2), 177 (6H, br s, 

2x=CCH3), 2 52 (lH, dt, J=14 6, 12 0 Hz, 1/2x=CHCH2), 2 57 (lH, sept, J=6 9 HZ, =CHCH3), 4 01 (lH, 

td, J=ll 3, 1 5 Hz, 1/2xCH20), 4 86 (1H. ddd, J=ll 3, 4 6, 2 9 Hz, 1/2xCH20), 5.20 (lH, dt, J=9 4, 1 3 

Hz, CH3C=CH), 5 30 (lH, dd, J=12 0, 3 3 Hz, =CHCH2), 5 45 (lH, d, J=9 4 Hz, SCH) 

In the same manner as described above, (f)-2b (11 7 mg, 88%) was obtamed from (+)-15b (17 7 mg. 0 05 

mmol) and 1 0 M soluuon of (TMS)~NLI (0 07 ml, 0 07 mmol) as a colorless 011 IH-NMR 1 01 (3H. d, 

J=5 5 Hz, =CCHC&Q, 108 (3H. d, J=7 3 Hz, CJ&CHCH2), 1 12 (3H, d, J=6 8 Hz, =CCHCH3), 

1 36-l 48 (2H, m, C&CH20), 173 (6H, br s, 2x=CCH3), 1 84-2 16 (2H, m, 1/2x=CHC&, 

CH3CHCH2). 2 56 (lH, sept. J=6 8 Hz, =CCHCH3), 2 98 (lH, td, J=13 4, 4 1 Hz, 1/2x=CHC&), 3 73 
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(lH, dd, J=13 2, 11 2 Hz, 1/2xCH20), 5 10 (lH, dt, J=ll 2, 3 3 Hz, 1/2xCH20), 5 18 (lH, dt, ~=9 4, 1 3 

Hz, CH=CCH3), 5 33-5 44 (lH, overlap, =CHCH2), 5,44 (lH, br d, J=9 4 HZ, SCH) 

One-Pot Synthesis of Key lo-Membered Intermediates 2 from Chiral Aldehyde (+)-4 and 

Dienyliodide 14: A 1 5 M solution of rert-BuLl (1 26 ml, 1 888 mmol) was added to a solution of 14 (236 

mg, 0 944 mmol) m dry pentane (7 ml) m a dry flask at room temperature The reactlon mixture was steed for 

30 mm dunng which a white preclpltate deposited, then cooled to -78 “C The choral aldehyde (+)-4 (198 mg, 

0 787 mmol) m toluene (7 ml) was added dropwlse, and the resultmg mixture was stmed at -78°C for 45 mm 

followed by at 0 ‘C for 75 mm Then, THF (60 ml) was rapldly added to the mixture at 0°C The reachon was 

quenched wlthm 5 mm and THF was evaporated zn vclcuo to @ve an oily residue, wluch was dtssolved m ether 

The ether solution was washed with H20 (x2), bnne, and dned over anhydrous MgS04 Evaporatton of the 

solvent under reduced pressure gave a crude 011, which was punfied by column chromatography using 3% 

EtOAc m hexane for eluhon to give a 1 1 mixture of dlastereomenc products 2 (132 mg, 61%) as a white wax 

ORD of (+)-2, (c=4 14, CHC13) [cx]*g (nm) +14 5 (589), +18 8 (500), +26 8 (450), and +39 9 (400) 

(S,E)-(-)-3,9-Dimethyl-6-isopropyl-5,8-decadienyl Acetate (The Yellow Scale Pheromone) 

1 Reductive desulfunzafion of 2 by LDBB-HMPA followed by acetylatlon accordmg to our previous 

procedure6 afforded 1 (60%, [a]g=-10 0” (c=l 30, hexane)] and (S)-3,9-dtmethyl-6-Isopropyl-6,8-decadtenyl 

acetate (23%, [a]&-1 1 0’ (c=l 38, hexane)) 
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