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ABSTRACT : The 8 tereo- and e?&mtioee~ective 8ynthQ8iS of the yeltaw scale pheromone, (Sl-(-I- 
9-dimetkyt B-il-metk&EetkyLJ (El-5,8-decadien l-02 acetate, ~PM 3-CRJ-l+J-valerolacto~e 2 and 

ii-methyl 3-pentenyZJsuZfonyZ~ benziene 8 ie described. T~Q key step is the introduction of the 
isopropyt group by the etereoee~ectiv~ cross-coupting reaction of the dieneeulfone 12 with 
iQopropyLmagneeium oktoride in the presence of PeCE3. 

- 

The yellow scale, Aontdiella citrina, is a severe pest of ornamental plants and citrus 

fruit in California and Japan. In 1979 Gieselmann and Coil. 
1 

isolated the sexual pheromone of 

yellow scale, (E)-3,9-di~thyl 6-isopropyl 5,8-decadien l-y1 acetate 13b. The structure assig- - 
nment was confinned by two independent syntheses of both (El- and (Z)-isomers as racemates 2.3 . 
Recently, Mori and Kuwahara 4 have prepared both R-(t) and S-t-) enantiomers of 13b from - 
optically active (RI-(+I-methylcitronellate in 10% and 7% overall yields. Only the latter S 

enantlomer is biologically active. 

The major difficulty in the preparation of pheromone 13b is the (El-5 double bond - 
bearing the isopropyl group. Pu5re E or Z vinylsulfones are readily available from o-sulfo- 

nyl carbanions and aldehydes . These techniques have been extended to the syntheses of 

2-benzenesulfonyl 1,3 6 and 1,4-dienes 6'7. The stereospecific replacement of the sulfonyl 

moiety of E-benzenesulfonyl 1,4-dienes by the isopropyl group was reported in the preceding 
8 

paper . This strategy appeared well-suited to the problem at hand and required the homoallylic 

sulfone 8 and (RI-3-methylvalerolactone 2 as starting mater%als. 

Preparation of chiral lactone 5, outlined in scheme 1, is well- documented. 1,4-Addi- 

tion of sodium methylmalonate to methylcrotonate ga furnished 84% of triester 1. Oecarboxylation 

of 1 upon refluxing in DMSO lo* yielded diester 1 g'lo*'l. Dimethyl 3-methylgfutarate was 

enantioselectively hydrolysed with pig liver esterase 
11 at pH 7 to afford 98% of optically 

active monoester 2. Reduction of this latter compound with BH3*SNe2 " gave 96% of the 

hydroxyester 2 which was cycllsed with silica gel in 90% yield to chiral lactone 5. For 

comparative purposes, the racemate of 13b was also prepared 9b . - 

In order to establish the optical purity of this lactone, it was transformed into dial 

5 with methyllithium 12. Comparison of the 'H NMR spectra of chiral and racemtc dials 6 in the 

presence of Eu(tfc13 l2 fndicated that the enanticwric excess of (RI-(-1-5 was at least 90% 

f&g). Lactone 5 was also converted into orthoester 1. with CR)-2, (RI-3-butanedfol 13. Capillary- 

-GLC of this derlvative confirmed that the enantiomeric excess of precursor 2 must have been at 

least 90% (t2%). 
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SCHEME 1 

Na 1. Na, HeOH 
+ -co&n, + 

2. H30 

84% 

C&H 
8H3.Me2S p 

n 

PLE 

THF 98% 
HO 96% HaF CWHs 

4 3 

1 

I 
DHSO, NaCl 
h20, A 

93% 

a WW WH, 

2 

2 HeLi 

J 

75% 

3 

The condensation 
14 

of lithiated sulfone 88 _ with lactone (RI-5 afforded a 54/46 

mixture of sulfoneketols g (threo/erythro 53/47) and sulfonehemiketals E (2 isomers in a 64/36 

ratio) in 62% yield. Treatment of this mixture with T8DMS-C115 furnished 97% of silylated 

compounds z. The carbonyl group of g was reduced with NagH4 to give 92% of hydroxysulfones J& 

which were acetylated with DHAP " to yield acetoxysulfones llb. Elimination of acetic acid tn 

the usual way 6-8 
- 

afforded dienesulfone 12 which contained >98% of the E-isomer according to 

HPLC and 'H NMR analyses. The cross-coupling reaction of z with isopropylmagneslum chloride in 

the presence of FeC13 followed by removal of the silyl group with 8u4NF. 3H2018 furnished a 

mixture of alcohols 13a (36%) and 14a (32%). These dienic alcohols were acetylated l7 (96%) and - - 
then separated on silver nitrate-charged silica gel 19 to give pure 13b and lab. Both 13a and -- - 
13b contained 3 isomers in a 98/1.5/0.5 ratio according to capillary-GLC-mass. In the case of - 
compounds 14a and 14b 2 isomers were detected, 98% and 2% respectively. The optical rotation of - 

- 25 - 9.48" (n-hexane)(lit.[a'J3i - 9.89 (n-hexane)4a and[ofJm5 - 
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SCHEME 2 

121 

- 

11 
a R=H Qb 

I 
b R=Ac 

/+FTo_++-&yYo”+ A-y im 
c 

13a 
12 

13b 

EXPERIMENTAL 

14b 

Elemental analysis (see Table III) were conducted at Paris VI. Centrf de Spectro- 
chisie. Spectra were recoq on the following : Cameca 250 or Bruker AU400 for H IWR, Bruker 
YH-90 or Bruker M 400 for C m. Perkin-Elmer 599 for IR. and Varian-Mat CH7 or Riber Nermag 
RlO-10/B for dz. Analytical GLC were conducted on a Girdel 30 equipped either with a Pyrex 
coluan (2.k x 3.2a ; OV 101 on chrmsorb IfHP 100-120 mesh) or with a capillary Chronpack 
colun (CP SiL 8 CB). Flash chromatography was performed according to ref. 20 ustng ntrck siltca 
gel (0.063-O.b of 5-40 pm, Art. 7734 or 7736) with a pentane/ether gradient unless stated 
otherwise. Basic silica gel was prepared by treating 2009 of Merck silica gel with 5OOml of a 
saturated rqrcous solution of N&03. filtering, washing (successively with water, methanol, 
ethyl acetate, ether and pentane) and drying. 
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Silver nitratt-charged silica gel was prepared according to a known procedure lg. ADalytical 
WLC -us coductd en a Pu Pont 850 liqu!d Chrotzatograph equipped w:th a'tlu Pant B 1500 Zorbar 
Sil (4.h x 25~) column. All opttcal rotations were measured on either a Perkin Elmer 141 or 
241 at 589rim (sodium band b) with a ldm cell. 

After workup all organic layers were dried over anhydrous magnesium sulfate. All 
solvents rere distilled over appropriate reagents : 
P 0 (pentane). 

benzophcnone-sodium (TM. dioxane. ether). 
celciun hydride (dichloromthane, chlorofbrnr). sodiua (benzene, tuluene, xy- 

l&s), magnesium (methanol, ethanol). Grignard reagent?,and n-BuL1 were titrated with a 0.5M 
solution of E-butanol %n xylene using 2,2'-biquinoline as the indicator. All reactions were 
run under a positive pressure of dry nitrogen. 

IR, m/r, and 'Ii NMR data for all compounds are collected in Table 1. 13C t+MR are given 
in Table II. 

1,1.3-proprnetricarboxylate 1 
9a 

A mixture of 63.49 (0.48mol) of methyl 
.48wl) of methyl crotonafe-wa; added dropwise to 2ODml of stirred 2.05M 

solution of sodium methoxide in methanol so as to maintain solvent reflux. At the end of the 
addition methanol was removed by rapid distillation. The mixture was cooled to 0°C and 30Dml of 
ether were added precipitating the sodium salt of 1. 82ml of a 5H aqueous solution of HCl cooled 
to 0°C were added and the acidic reaction mixture was extracted with ether. After washing with 
brine until neutral and the usual workup, distillation (B.p.112"C/0.1n) yielded 78.29 (84%) of 
1 as a colourless liquid, pure according to G.L.C. 

TABLE II : '% NMR spectra 

Compound 100 MHZ 13C HHR referenced to CDC13 (77.00 ppm)(Nltip1icitY a or Parity b ) 

5 20.49(q), 25.47(d), 29.58(t), 37.16(t). 67.39(d). 169.60(s) 

9b ;;';;(q);g ;;$‘f(‘);g ;;$;(‘)j, ;;(tgq’q$jD 75’(t) ;4 D5(dj 74 3&d) ii7 16(d) 
19 65(q) 25.34 25.60 25.95 26.22. 

128.6i(d),' ,28.'98(dj,133.;7(s); 13Q.O3(;). 1;6.45&), '136.&8(s),' 200:63(s): 

200.86(s). 

lla _5.36(+), 17.66(t), 18.23(-j, 19.09(t). 19.70(+), 20.71( ), 21-80(S). 22.16(-)a 
24.82(m), 24.95(-j, 25.50(t), 25.92(+), 26.42(+), 26.71(t). 26.89(t). 38.71(-), 
3g.53(_), 39,89(m), 40.3g(-), 41.42(-I, 41.86(-l, 60.99(-j. 6l.l6(-1, 61.46(-1, 
66.93(t), 67.02(+), 68.04(t), 68.21(t), 68.79(t), 69.37(t). 6g.7D(t), 69-g'(+)* 
119.68(t), 120.66(t), 120.79(t), 128.49(t), 128.57(t), 129.OD(+). 12g.13(+)* 
133.52(t), 133.7o(+). 134.17(-), 134.81(-1. 138.63(-). 

llb _5.43(+), 17.40(t), 17.69(t), 18.12(-l, 18.66(+). 18.84(t), l8.89(+), 1g.g3(*). 
2o.55(+), 20.64(t), 22.77(-), 22.94(-), 23.07(-l, 23.34(-), 25.47(t), 25.83(+), 
25.94(+), 26.39(t), 26.57(t), 36.95(-l, 37.43(-), 38.78(-). 39.21(-). 39*5'(-)* 
39.61(-), 40.31(-), 60.49(-), 60.54(-l, 60.65(-). 60.80(-). 66*27(+). 66.43(+)* 

67.20(t), 68.40(t), 68.67(t). 69.36(t), 69.79(t), 119.90(t). 120.00(*). 
12D.l8(+), 120.34(t), 128.56(t). 128.90(t). 133.69(-j. 139.77(-j. l69.48(-1. 
169.79(-), 169.89(-). 

12 17.77(q), 18.29(s), 19.68(q), 25.38(t). 25.57(q). 25.95(q), 2g*75(d)* 
119 72(d) 

1349d.5&(62d:s)~, 14D.b5(d).' 
127.62(d), 128.49(d). 132.51(s). 132.80(d). 

13b 17.77(t), lg.52(+), 20.93(t), 22.04(t), 25.61(t), 28.55(-l, 30.93(t). 34.63(+), 
34.88(-), 35.40(-j, 63.13(-). 120.48(c), 123.72(t). 130.87(-), 146.05(-j. 
171.03(-). 

a Gated decoupling. b J_Hodulated Spectrum 24 with d and q=(t) whereas s and t=(-). 
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(0.30~~) of I_, 3OOml of DWO, 5.49 (0.3Omol) of water, 
xed for 4.5h (complete reaction according to GLC) as 

of 1 
The reaction mixture was cooled and poured onto a liter 

c&water. After extraction with ether 
lit. 

and the usual workup, distillation (B.p. 65WO.lm ; 
B.p. 91-%?“C/7i!t!d afforded 48.59 (93%) of 1 pure according to GLC and NHR analyses. 

Monomethyl (RI-3-methylpentanedloate 3 11 1000 units of pig liver esterase (Boehringer) were 

;ho:pha:e buffer at pH 7 according to a known procedure 
dd d t z3'C to a vigorously stlrrzd suspension of 15199 (86mnol) of 2 in lDDm1 of a O.lH 

. A pH of 7 was-maintained by pH-Stat 
controlled addftion of a 1R solution of aqueous NaDH. After addition of an equivalent of base 
with respect to 2, the mixture was homogeneous and base was added until the pH was 9. The 
aqueous layer was washed twice with ether and the ethereal layers were washed twice with water. 
The combined aqueous layers were acidified to pH 2 and then extracted with ether. The usual 
workup yielded 13.479 of monoester 2 (98%). pure according to NMR and elemental analyses. 

Methyl S-hydroxy (RI-3-methylpentanoate 4 " 42ml (821maol) of a 2W solution of W-(CX 1 S in 
ITiF were added dropwise to a solution of 12:8g (D.OGDmol) of 3 in 20ml.of THF slow13 en& so 
that the temperature did not exceed 30°C. After stirring foFlh at 2O'C. 5.6ml of water were 
added at O'C, the solvent was removed fn vacua and the residue dissolved in ethyl acetate. This 
solution was dried, filtqred anq,cvaporated to furnish 11.29 (96%) of an oil containlng 92% of 5 
and 8% of 2 according to ii NMR . 

(R)-4-Methyltetrahydro 2H-pyran 2-one 5. log of silica gel (Merck 7736) were added to a 
vigorously stirred solution of log l7f.O68ml) of 4 in 500~1 of anhydrous dichloromethane. After 
stirring for 18h at 2$~"3C the mixture was filtered-and the solvent evaporated. Distillation (8.~. 
64-66WO.lnnn * 
GLC analyses.[ai'; 23.7" (c=5.7 CHC13)(lit. [a)o +23.4" 

8,~. llO-115WlSmn) rflords 6.59 (84%) of lactone 5 pure by RMN and 

90% e.e.1. 
(c=5.7 CHC13) fir a lactone with 

(RI-3-5-Dimethyl 1,5-hexanediol 6 12, 5.6ml (9mmol) of a 1.6M solution of HeLi in ether were 
ad 6 idly to a stirred solution of 342mg (3nolI of 5 in 5ml of THF at -78°C according to a 

ino& $cedure. The solution was warmed to room temperature and stirred for lh. The reaction 
mixture was hydrolysed with 2ml of saturated aqueous solution of ammonium chloride at 0°C and 
extracted with ether. After washing with a saturated aqueous solution of NaHCO and then brine 
the ethereal layers were dried over potassium carbonate. Evaporation followe d by distillation 
(Kugelrohr : 80-85°C unde250.a of 
and elemental analyses,[a)o -15.4' 

Hg) afforded 330mg (75%) of diol 5. pure according to NMR 
(c=5.7 CHC13). 

(R)-2,(R~-3,(R)-g-Tri~thyl 1,4,6-trioxa 4,5-spfrodecane 7 13. 135mg (l.Smaol) of (-f-(RI-2.(R)- 
5-butanediol (Janssenj, 1bY (1 5 1) f trm=thoformate (Janssen) and 3 drops of 
concentrated H SO were adde!gsuc~es?~velyoto a solution of 115mg (1 mnol) of 5 in 2ml of THF. 
The mixture w& 4 tirred at 20°C for 24h, 0.25ml of triethylamine were added &d the reaction 
mixture was poured onto a saturated solution of NaHCO . After extraction with benzene and the 
usual workup, flash chromatography (pentanelacetone : 41) furnished 123mg (67%) of 7 >95% pure 
according to NHR analysis. Two diastereoisomers in a 95/5 ratio were detected by CaFllarY GLC 
(oven 60°C ; PHe 1 bar : retention times - 31.7 and 33.3 Min. respectively). 

tR)-3,9-Di~thyl 5-0~0 (R,S)-6-phenylsulfonyl 8-decen l-01 9a. 31.6ml(O.O3~l).of a 1.2M solu- 
fron of n-Buli In hexane were added t o a sttrred solutionof 4.09 (O.OT&a~~ of sulfone g and 
5.7ml (0.038mol) of THEDA in 20ml of THF at -78°C according a known method . The solution was 
warmed to room temperature for 0.5h, cooled to -78"C, and syp@ned into a second reaction vessel 
containing a solution of 2.39 (0.02Omol) of lactone 5 (D + 23.7O (c=5.7CHC13)) in a 5/l 
mixture of THF/~HPT at -78°C. The reaction mixture warwarmed to 20°C and stirred for 5h. 16ml 
of a 51( aqueous solution of HCl were added at O*C and the solution was extracted with ether. 
After the usual workup, flash chromatography on basic silica gel afforded 857mg (21%) of 
starting sulfone 5 and 3.89 (62%) of a 54/46 mixture of sulfoneketols 9a (threo/erythro : 53/47) 
and sulfonehemikefals 10 (a 64136 mixture of two isomersf. 

- 
- 

l-t-8utyldi~thyTsiTyloxy,~)-3,9-dimethyl (R.S)-6-phenylsulfonyl 8-decen 5-one 9b 
As previously d bed '- 3 (8 8Baun 1) f th b 
1.489 (8.761mnol~~ocf'T8DWS-Ci. :.7mi (19I)5a$lI 

54/46 mixture of compounds 9a and 10, 
ofet~i~tehylamine, and 43mg (D.36mmol) ijf DMAP7n 

6Oml of dichloromethane were mixed at 0°C and then stirred at 20°C for 5h. 20ml of a saturated 
aqueous solution of ammonium chloride were added and the mixture was extracted with ether. After 
washing with a saturated solution of NaHC03 and the usual workup, flash cpromatograp 
silica gel furnished 3.99 (97%) of E (2 diastereoisomers according to H NRR),[a 
0.09" (c=2.0 CHC13). 

1-t-Butyldimethylsilyloxy (R)-3,9-dimethyl (R,S)-6-phenylsulfonyl 8-decen (R,S)-5-01 1Ta 
According to a literature procedure '- a solution of I.69 (0.04ZmolJ of NaBH in 15iiir of water 
was added to a solution of 3.89 (8.411&1ol) of 9b in 75ml of methanol at 2O"c! The mixture was 
stirred for 5h and then the methanol was remove~in vacua. The residue was acidified to pH 3-4 
with a 0.5R solution of HCl at O°C and extracted with ether at this temperature. The ethereal 
layers were washed with a saturated solution of NaHCO and after the usual workup, flash 
chromatography on1 
mers according to 

basic sihdca gel yielded 3.59 (92%) 0% sulfonealcohols 2 (4 diastereolso- 
H NMR),[a3, - 0.025" (c=1.4 CHC13). 

~-t-Butyldi~thylsilyloxy (R}-3,9-di~thyl (R,S)-6-phenylsulfonyl 8-decen (R,S)-5-yl acetate lib 
0.4zg (Ymmol~ gf acetic anhydride were added to a solution Of 3 4 (1 49 rmIol,f 

sulfonealcohols lla -' 1.139 (11.21msol) of triethylamine and 44mg (0.361mnol) of &AP*in 25ml of 
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dlchloromethane at 0°C according to ref. 17. The solution was stirred for 5h at 20°C and 3ml of 
1H aqueous solution of NaOH were added at 0°C. The mixture was extracted with ether and the 
ethereal layers were washed successively with a saturated solution of aswniun chloride, water, 
and brine. After the usual workup, flash chromatography on basic silica gelaffoqded 3.539 (95%) 
of2*cetoxysulfones llb as a colourless oil (4 diastereoisomers according to H NW analysis), 

bl, + 0.004" (c=8.~Cl,). 

I-t-Butyldimethylsilyloxy (S)-3,9-dimethyl 6-phenylsulfonyl (El-5.8-decadiene _^ IZ 

tl.59 (l.Olmool) of acetoxvsulfone lib. 1lJlma ~2,521mnoll of ocwdered MaOH. an Yfl2ml of ether were ._., _. ---.. _~ . 

stirred at 20°C for 5h as previousrhescriied P*o. The usuig workup and-flash chromatography on 
basic silica gel yielded 0.4lg (94%) of dienesulfone E,[a], - 8.71" (c=lj8n-hexane). A sin- 
gle isomer was detected by HPLC under conditions previously described ’ for analysts of 
2-benzenesulfonyl 1,4-dienes (eluent : isooctjnelethylacetate - 97/3). The E-configuration of 
the newly-created double bond was confirmed by H NRR. 

(S)-3.9~Dlmethyl 6-(T-methylethyl) (El-5,8-decadien l-01 13a 
decadlen l-01 14 

- 
-3,9-Dime h 1 Z 5 8 -8 

.m . &mnol) of 0.5M fF+&l in ether were added to a solution of 17Omg (0.3@m~l) 
of dienesulfone 12 in 1.2ml of O.OlH FeCl in ether at -78°C as previously described The 
black solution way stirred for 3h at 20°C 2nd 2ml of a saturated solution of ammonium chloride 
were added at O‘C. After the usual workup and flash chrwatography on basic silica gel, the 
mixture of silylated alcohols and sulfur-containing impurities was dissolved in 6ml of8THF and 
stirred with 369mg (1.17a~l) of Bu NFe3H 0 at 0°C for 2h as previously described 
workup, flash chromatography furnish fd 555 of a 58/42 mixture of 13a (36%) and 14; ?::I'? 
according to GLC and capillary GLC-mass analysis. 

- - 

(S)-3,9-Dimethyl 6-(l-methylethyl)(5,8-decadien l-y1 acetate 13b - 
-. 3 P-o1methy1 (ZJ 5 - .a-decadien I-y1 acetate 14b 

55mg of the above mixture of 13a anhna. 28~1 (0.29nsnol) of acetic anhydride. 47 
pl (0.36nol) of triethylamine, 1.6mg mOl3fl of MAP. and 3ml of dichloromethane were 
stirred for 5h at 20°C as described for lla Yorkup afforded 59mg of a residue which was 
pufafied by flash 
[aI - 9.48" 

chromatography or4asil#~nit;ate-charged silica .gel to yield 3lmg of a, 

- 9.98" 
(~~1.16 n-hexane) (lit. 

(c=l.2 n-hexane). The yield of E?tylation products was 96%. 
- 9.83" (c-l.16 n-hexane)), and 22mg of 14b,[oJ, - 

TABLE III : Elemental analysis. 

Compound Formulae Calculated Found 
C H C H 

X X 

1 

2 

3 

5 

6 

9s + 10 

gb 

lla 

llb 

12 

13b 

14b 

51.72 6.94 51.55 6.96 

55.16 8.10 55.18 7.99 

52.49 7.55 52.46 7.56 

63.14 8.83 63.29 8.85 

65.71 12.41 65.38 12.32 

63.87 7.74 64.01 7.77 

63.75 9.01 63.67 8.91 

63.39 9.31 63.31 9.41 

62.86 8.93 62.80 8.99 

66.00 9.23 66.18 9.31 

76.64 11.35 76.25 11.28 

74.95 10.78 74.68 10.99 
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Capillary GLC analysis indicated that 13b contained 3 isomers in a 98/1.5/0.5 ratio 
whereas 14b contained ,2 isomers in a 98/2 rXi!To. 
(El-13b a?ih(Z)-14b by H NMR. 

The major isomers were identified as 
- - 
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