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Al#mtraot.- The target noleculem 1 mnd 2 were'synttmmlmd from a o-on 
intemediete 6 prepared,frocr (R)-Limonene. The firit enent.lorleotive ayntheais 
of 2 is deeoribed. 

California red wale (CRS) is one of tim main citrus peets in Cmllfornin, South Africa, 

Aumtralia end the Heditarreneen countries( end it ia known to ceuee losses to other crops as 

we11('*2). Components 1 end 1 of the 80x pheromone of CRS (Soheme I) have been identified and 

synthesized by Roelofs(3) and Andermont4). During the lamt tan yeera mveral alternative 

myntheme have been developed for 1 end 2 (5-R) . The ohirel oenters in theme compounds were 

constraoted either ueing chiral intamediatas derived from natural producte or by addition of 

orgenoouprattw to optioally active uneeturated eaters ('I. The eynthesis of the 2 triaubstituted 

double bond in 1 has been acocmtplimhed either by ueing negatively charged Wittig reegenta (10) 

or vie [2,3]-migmatropic Uittig reerrangement (11). Them methods heve one main drawback; the 
expenw of the etartingmetarialen~or oftha reagents used. In order to supply the pheromone 

ccnponenta in gram puentities for field taste an alt.arnmtive approach is now desoribed. In our 

method, a c-on ohiral internediete for the syntheeis of both1 and 2, hen been prepared from 

(RI-LirPmene, a oheap atartlng meterial readily available in over 98% e.e., specifically as a 

building unit for ohiral center C6. 
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Seleotive clemvmge of the mix sabered ring by oronolysim im a well known procedure in 

twpene c&imtry. Ket+acetal~ hm been prepared In 100 g. soale by ozonolysim of 

(R)_Ll~omeao in mothno et-70°C('2) , end the mothyl ketone unit wma oonvertrd to teminal 
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acetylene 4 via ite enol phosphate using lithium btremethylpiperidide a8 base eiving e product 

in which the ratio of tarmi~l to internal acetylene wee found to be 15rl. When lithium 

diisopropylamide was used ae a base this ratio reversed to 185.7 respectively. These results 

ar8 in full agreement with the work of Hegi~hl (13). The eynthesis of 5 warn completed by two 

further steps: mild cleavage of 4 to give the aldehydo-acetylene 2, followed by Llndlar 

reduction (Scheme II). 

Scheme II 

Conponent.1 nes prepared in two steps from 5 by a Wittig reaction, using a reagent 

prepnred f& ethylene oxide and ethylenetriphenylphoephomne; and acetylation. following a 

prwedure which nae originally developed for the eynthesie of the White Peach scale wx 

pheromone(l*) (Scheme III). Tho main drawback of this approach ia poor stereoseleotlvity in the 

Wittig condensation, result& in the formation of the z and E,ieomer in a 63:37 ratio. 

Although it hue been found in field tests that the E IaoPler does not inhibit male trapping, we 

have tried to improve the relative yield of the active isomer. It vazJ found'thet chenging the 

base from n-butyl lithium to sodium bia(trimethylsilyl)amide had little effect on the Z:E ratio -- 

which was changed to 67r33, but in view of the high chemical yield achieved this was the method 

of choice. ACOOI'ding to result8 published by Caine(lO), a negative charge on the chain of the 

aldehyde can direct the ateric course of the Uittig condensation to give the 2 isomer 

exclueively, but unfortunately applying this approach t4 aldehydo-alcohol 7 and aldehydo- 

acetylene $, did not lead to the hoped-for increase in the z to E ratio, and momover the 

yields were low. Acetylstion of the crude alcohol 8 gave 1 whew eyntheaie was thus 

accompllahed in overall 37% yield from (R)-Limonene, giving a product which was > 98% 88 at C6, 

and contained 67% of the active isomer 1. 

Soheme III 



The strategy for 

type RCuEF5 can -not 

the eturting nterial 
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the eyntheeis of 2 IRK bawd QI Yamamoto’e ffnding('4) that a reagent of 

ln gcod yield with uneaturated esters by I,4 addition. Internedlate 5 was 

for the bromide 10 vie aloohol 2 in 67% yield. The corresponding - 

organoouprrta ns lade fn brc&de E via alkyl lithium 11 prepred in ether and CuI, end 

reacted with E_aethyl orotonate in the presence of m to form in good yield the corresponding 

diaetereomerio esters 12a and 12b ln a 45855 ratio (153 (Soheme IV). The dieadvantage of heving - 
to uee at luet two equivalents of alkylcuprete, in our ceee the expensive oomponent, wea 

overoome by ueing a high order orgenoouprates of the type R*Re(CR)CuL$('6), which consumes 

only one equtvelent of lo. Here the ratio of 12a to 12b wee found to be 4g:52(15). It is worth 

mentioning that R*Me(CN)CuLi2 tranefere the chin1 Intermediate and the methyl as well in a 

12rl ratio, and the side product methyl 5-methylbutanoate wee eesily removed by distillation. 

The aynthesia of the second cc#ponent of the CRS eex pheromone 2 Mae completed by two 

additionaal stepe, reduction with lithium alllrPinum hydrid to give IJ followed by acetylation. 

The production oonteined 48% of the active component 2 and 52% of ite diastereoisomer. 
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In view of thie low stareoeelectivlty, we tried to improve the enantioeelectivity by the 

uae of ohiral crotonatee. This methodology ha6 made groat strides during the last five 

years(17-19) . Chiral enters can be prepared easily since variety of optically active alcohols 

are now cwercially available. Besed on Oppolzer’s (1’3) msulte according to which, 

1,4-addition of an alkylcupmte BF5 cocaplex to (-)-&phenylmenthyl (S-W) &orotonata occura 

with high l nentioeeleotivity from the Re face of the enoate, addition of en l&amediate of the 

type RCuBF5.pmpared from 5 should lead @J the a 3S,6R diaatareomer. Our experimental msult 

fully confirm Oppolzer’e model since eeter 2 3S,6R we the major dlastere~er and a 3R,6R 

(Scheme IV) wee the minor product in 911 ratio, >W d.e. (15). 

However, be corollary, 1,4-addition of the RCuBF5 reagent to (+)-S-phenylmentyl (&en) 

_Zorotonnte ehould give ae mjor oompound a 3S,6R and in lower eeleotivlty (18) lf a similar 

1ntermedint.e is operating. Thin aseumptian we fully oonfoxwd experimentally, esters 15a and - 
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mmol) in 60 mL of dry ether at O'C. The mixture wall stirred for 2 hours at room temperature and 

then 50 mL of water were added. The product was extracted with ether (30 mL x 3) and the ether 

phaee was washed with cold IN RCl, brine and dried over Na2S04. The solvent mm8 removed to give 

5.8 g of 1 and it's (3E,6R) iscmer in 95% yield (Z:E ratio 67:33). IR (CHC13) 1740, 1650, cm-'; -- 

NRR (CDC13) 400 Mz 6 5.73-5.88 (m, 1H) 5.15 (t, IH), 4.95 (d, lR), 4.89 (d, 1H), 4.77 (s, 

IH), 4.68 (a, IH), 4.07 (t, 2H). 2.35 (t, 2H), 1.88, 2.16 (m, 5H), 2.05 (s, 3H), 1.7 (8, 3H), 

1.61 (s, JH), 1.35 (m, 2H). 

JR)-3-(I-methylethenpl)-6-hepten-l-01 9. 9 g of 5 (59 mmol) were dissolved in dry ether and 

added dropwise to suspension of lithium aluminium hydride (11.15 g 30 mmol) in dry ether (50 

mL) at O’C. The cooling bath was removed and the reaction was stirred for 1 hour at room 

temperature. The reaction was cooled down to O°C and 1.1 mL of uater were added carefully, 

followed by 1.1 mL of 15% sodium hydroxide and 3.3 nL of water. The organic layer was 

decantatad, dried over Na2S04 and the solvent was removed to give 8.7 g of alcohol 2 in 95% 

yield. IR (CHC13) 3640, 1650, cm-'; NHR (CC14) 6 5.86-5.32 (m, lH), 4.84 (d, 2H), 4.6 (8, 2H), 

3.4 (t, 2H), 1.82-2.25 (m. 3H) 1.58 (6, 3H), 1.32-1.55 (m, 4H): MS, found for CloR,SO m/e 

154.1344 (calcd m/e 154.1358). 

Ill)-3-(I-methylethenyl)-1-brcmohept&-ene lo. Elethane sulfonyl chloride (5.6 nL, 72 mmol) was 

added dropwiae during 20 min. to stirred solution of 2 (6.6 g, 56 mmol) and triethylamlne (10.0 

mL, 55 rmol) in dry CH2C12 under nitrogen atmosphere at O°C. After 30 min. of stirring at O°C 

the reaction was kept for additional two hours at room tanperature, water (60 mL) were added 

and the layers were separated. The organic phase was waehed with 1N HCl, brine, dried over 

Na2S04 and the solvent was removed to give 12.3 g of crude mesylate eater in 95% yield. NRR 

(CC14) 5.85-5.38 (m, IR), 4.95 (d. 2H). 4.73 (8, 2H), 4.00 (t, 3H), 1.80-2.32 (m. 5H). 2.86 (6, 

3H), 1.62 (t, 3H). 1.28 (m, 2H). The crude mesylate aster was dissolved in dry THF (90 mL) and 

anhydrous lithium bromide (8.6 g, 98 mmol) were added to the stirred solution at O°C and then 

for 2 hours at room temperature. Water (90 mL) were added, the solvent was removed and the 

organic layer was extracted with hexane (30 mL x 4). The organic extracts were combined, washed 

with water. brine and dried over Na2S04. The solvent was removed to give 7.25 g of bromide 10 

in 701 yield. NRR (CC14) 6 5.83-5.36 (m. IH). 5.0 (d, lH), 4.70 (8, 2H), 3.3 (t, 2H), 

1.7&2.38 (m. 3H), 1.61 (8, 3H), 1.31-1.52 (m, 4H); HS, found for CIOH17Br (79) m/e 216.0552 

(calcd m/e 216.0513). 

Methyl (3RS,6R)-J-methy1-6-(l-methylethenyl)-9-decenate 2. tlothyl lithium (5.5 nL, 1.05 W in 

ether) was added dropwise to stirred cuprous cyanide (0.74 g, 8.25 mmol) in 2 mL of dry ether 

at -7O'C. The suspension was warmed up to O°C to give clear solution and cooled again to -7O'C. 

Alkyl lithium 11 was prepared from alkyl brcmide E (1.9 g, 13.8 mmol) and 2.5 eq. of lithium in 

dry ethyl ether (7.5 mL) stirred for one hour at O°C to give solution of fi (1.1 R) in ether 

(95%). Alkyl lithium 11 (7.5 mL, 8.25 xmol) mae added to the methyl cuprate keeping the 

temperature below -65'C and the suspension was stirred for 10 min., then methyl Ccrotonate 

(0.83 g, 1 eq.) was added dropwise at -7O'C. The reaction was stirred for 40 min. at -7O'C and 

2 hours at -2V'C before quenching with 20 q L of a 90% saturated lili4Cl/10d concentrated RH40H 

solution. The layers were separated and the uater was extracted with ether (15 mL x 4), washed 

with brine and dried over RgS04. The solvent was removed and the crude mixture was distilled 

bulb to bulb 100°C/0.5 0mH.g to give 1.3g of 11 in 75% yield. IR (CHC13) 1740, 1650, cm-'1 NRR 

(CC14) 6 5.85-5.15 (m, IH), 4.92 (d, 2H), 4.62 (s. 2H), 3.53 (6, 3H). 1.85-2.42 (a, 5H), 1.60 

(8, 3H), 1.22 1.48 (m, 7H), 0.92 (d, 3H): US, found for C15H2602 m/e 238.1939 (Calcd m/e 

238.1933). 

(3RS,6R)-3-Hethyl-6-(methylethenyl)-9-decen-l-o1 2. Ester 11 (1.3 g, 5.5 mmol) was dissolved 

in 5 mL of dry ether and added dropwiaa to a stirred suspension of lithium aluminium hydride 

(0.11 g. 2.9 -01) in dry ether (10 mL) at O'C. The reaction was stirred for 2 hours at room 

tamperatum and worked up as described for 9 to give 1.1 g of alcohol lJ in 964 yield IR 

(CHC13) 3640, 1650, cm-'8 NMR (CC14) 6 5.8-5.3 ( m, IH). 3.56 (t, 2H), 1.85-2.12 (m, 3H). 1.63 

(8, 3H), 1.1-1.6 (m, 9H), 0.95 (d, 3H). 
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~RS.6R)-)-Hethyl-6-(l-methylethenyl)-9-deoen-l-yl Acetate 2. Acetyl ohloride (0.58 g, 7.34 -_ 
pmol) war, added to a rolution of aloohol 15 (1.1 g, 5.25 laol) and triethylamine (0.75 g, 7.34 
aol) in 12 mL of dry ether at O'C. The mzture wee etirred for 2 houre at room temperature and 
worked up ae desoribed for 1 to give 1.2 g 
110' C/O.3 IlmHg. IR (CHC13) 1740, 1650, -4 

f 2 in 90% yield after bulb to bulb dietillatlon at 
cm 1 IWR (0X4) 6 5.85-5.35 (m, IH), 4.92 (d, 2H), 

4.6 (a, 2H), 3.92'(t', W), 1.85-2.15 (m, 3H), 1.63 (6, 3H), 1.1-1.6 (m, 9H) 0.88 (d, 3H). 
~3S.6R)-3-Hethyl-6-(1-wthyleetheny1)-9-deoen-l-o1 2. H&hod a) Alkyl lithi~ fi (3 rmol 
prepared ae described for E) wae added to CuI (572 mg, 3 -01) in 3 mL of dry ether at -7O'C. 
BF OEt;! 
ad a 

(0.4 mL, 3 mmol) wae added elowly and the mixture wae stirred for 10 min. followed by 
ition of 8-PH E-crotonate (or 8+PH Z-ooronate) (450 mg 1.5 mol) dissolved in 2 mL of dry 

ether at -7OOC. The reaction wee stirred for 30 min. at -70°C, wermed up to room tampermtum 
and worked up ae deeorlbed in method b. 
Rethod b) The alkyl lithium fi (4.5 -01 prepared ae deeoribed in gnparatlon of 12) was added 
to CuI.PBu3 oaplex (1.77 g, 4.5 mmol) in 3 mL of dry ether at -70 C. The mixture use umrmed up 
to -3O'C during 30 min. and then cooled down again to -7O'C. W 
added and the mixture warn stirred for 10 min. DCSB F,-orotonete ? 

.0Et2 (0.6 mLr 4.5 mol) wee 
690 e, 1.5 1~01) diseolved in 

2 mL of ether-tetrahedrofurane 4:l use added at -7O'C. The reaction wan etirred for 1 hour at 
-70°C, then kept at -&l°C for 8 hours, and 10 mL of 90% eaturated NH Cl/IO% concentrated NH OH 
were added. The ether phase use aeparated end the aqueoue pheee wee t xtracted with ether (1 b mL 
x 3). the cabined ether extracta were stirred with HCPBA (770 mg, 4.5 mmol) for 10 iin., 
weehed with 10% NeHC03 end dried over I!,@0 . The 
give 725 mg of crude ester 14 (85%). The c +ud 

solvent nme removed under reduced preeeum to 
e eater 14 (725 mg), diseolved ln 3 mL ether nmm 

added to lithium aluminum hydride (W mg, 2.4 mmol) euepenslon in 5 mL ether at O'C. The 
reaction wee stirred for 30 min. at rooll temperature and worked up ar usual. The solvent use 
removed ruder mduoed preseure to give 700 mg of y and the auxiliary DCSB alcohol. The 
aloohole were ohromatographed over ailioa gel (elutad with hexane methylene 
tc yield DCSB alcohol 430 mg end 15 230 mg (90%). IR (CHC13) 3620, 1650, 

_Morlde 4:1-211) 
cm t NHR (CDCl3) 400 

RRr d 5.72-5.85 (a, lH), 4.98 (d:lH), 4.93 (d, 1H); 4.72 (6, 1H), 4.63 (e. 1H) 3.63 (t. 2H), 
2.06-1.85 (m, 3H), 1.58 (a, 3H), 1.0-1.5 (m, 9H), 0.88 (d, 3H). 
@,6R)-3 -methyl&- I-methylethenyl -9-deoen-l-y1 Acetate 2. Acetylation of (3S.6R) akOhO1 was 

carried out an desoribed for 1 in 90% yield. The ratio of T3S,6R) to (3R,6R) we determined by 
GLC to be 9:l. IR (CRC13) 1740, 1650, cm- ; RHR 1 400 HRs 6 5.84-5.73 (0, lH), 5.07 (d, 
lH), 5.02 (d, 1H). 4.82 (et lR), 4.75 (er lR), 4. t, 2H), 1.87-2.11 (m, 3H), 1.7 (a, 3H), 
1.49 (e, 3H), 1.1-1.6 (m, 9H), 0.77 (d, 3H). 
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