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M!;tract: (+I-Faranal la, the-trail pheromone of Pharaoh’s ant, 
its congener, (+I-l3-norfaranal lb were synthetired from 

chiral building block 4 employing dzstereoselective carbon- 
carbon bond formation, The application of crude pig liver 
esterase enzyme for the preparation of Q is also discussed. 

(+)-Faranal is the most attractive component of the trail pheromone produced 

by Pharaoh’s ant ~Monomorium pharaonis, C.), which is a serious houshold pest in 

most of the world. This compound has a very high behavioural efficiency and the 

detection threshold is about 1 pg cm-1 of a trail. The structure of (+I-faranal 

was assigned to be ~3~,4~,6~,1O~)-3,4,7,Il-tetram~thyt-6,10-trid~cad~~na~ la_ 2-4 

la_; R= Me 

lb: R= H 

All four optical isomers of faranal have some biological. activity. However, 

racemic faranal has only one tenth of the trail pheromone activity of the natural 

product. ~urpr~s~n~~y~ the 3-epimer ~3~~4~-farana~~ was also weakly active and 

does not interfere with the activity of natural praduct, since ants follow a 

trail Made of a 1:1 mixture of stereoisomeric compounds. Furthermore, structure 

modification study showed that among structurally related compounds a 40 : 60 

mixture of (3~,4R_I- and (3!,4FJ)-13-norfaranal fib and its 3-epimer) had also the 

ability to release trail-following activity 4,5- + 

(+I-Faranal has been an attractive synthetic target of considerable current 

interest because of its challenging structural features and extremely high level 

of biological activity. Four different synthetic apprcches to faranal have been 

reported, In cooperation with Japanese group, Ritter et ctf. elaborated the first --- 
synthesis of faranal 4. Actually T this small scale bicorganic synthesis leading 

to a 40 : 60 mixture of (+I-faranal and its OR_)-epimrr, established its absolute 

stereochemistry; 

Mori and Ueda have confirmed the structural assignments of (*$-faranal by 

synthet~sin~ both enantiomers. Their attractive linear approach is rather lenghty 

and required the chemical resolution of an intermediate c;,7 . 
Recently, two convergent approaches for the synthesis of racemic faraclal 
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Wf?FC reported. Knight and Ojhara assembled the sesquiterpcnoid skcletclrl of 

faranal by Wittig condensation, which yielded an approximately X, : 1 mixture of 

(F_)- and CL)-isomers, Racemic faranal and its (61)~isomer were then separated by 
89 preparative scale g*f.c. t fn an afternative synthesis of racemic faranaf, 

f3aker’s graup employed the addition of an alkylcopper. complex to terminal acetylene 

for the stereoselective construction of the 6g double bond loVll* 

Recent interest in the use of trciil phe~~rn~n~ to Increase the rate af toxic 

bait pick-up has led us to devefep hew synthetic method fclr the preparation of 

enantiomerically pure (+I-faranal and (+)-13-rrorfaranal (la and lb, respectively). 

Our apprrtach strategical.ly quite differ 

of faranal f 

ent f ram the existi 

LL Namely $ 

ng one!3 in the 

the skeleton Scheme we formed 

Scheme 1. frethrasynthetic) 

4,5-bond of the mollecule stereoselectively by alectraphilic enolate alkylation of 

an appr~~r~~t~ly functionafized chiral building black (23 with 

brcrmide (f),These key intermediates can be easily prepared from geranial Ql and 

glutaconic ester (6J, respectively. 

C3S)-Methy1 valerolactone Qj, our chiral. key intermediate, was prepared 

from dimethyf ft- ~thy~glutsr~te cf> obtained by catalytic hydrogenation of 

glutaconic ester (IL) I2 (Scheme 2,). 

Scheme 2: _ si- 
PLE 

_) - 4 

MeOU HOOC COOMe 

Recentfy, this campound was en%ntiot~picalfy-selectively hydrolysed with pig 

Liver esterase (PLE) enzyme system 13a16. The enzyme attacked preferentially at 

the pro-(S)-methoxycarbonyl group and ~~~-m~nuester fE$ was isolated in above 

130 % yield and in 80 - 90 X optical purity, However, the ~~~rn~r~~a~ly available 

pure pig liver esterase is rather expensivtl. Therefore, we tri@d to perform the 

selective hydralysis of diester C,l-) with crude enzyme, Thus, molar amount of 

diester Q> was suspended in 

powder IT. The pH value 

phosphate buffer 

resulting mixtur 

F pH 7) ext ract af pig liver 

was kept within 6.9 - 7.1 acetone of the ‘i? 

range by cantinurrus addition of 10 XI ij;odium hyroxide solution. After consumption 

of one equivalent of base ~~p~r~~~rn~t~~y 5 hjc the mixture was worked up to yield 

the ~~~~enant~~mer of m~n~e~ter <f> in 72 X; yield and in 85 X optical purity. 

Since the optical purity was not satisfactory, the crystalline &-cinchonidine salt 

Of monoester (a) was formed and recrystallized from water-acetone. Acidification 

of this saft yielded optically pure 

selectively reduced with 

~~~-rn~~~ester (& e.e.396 X>, whic;h was 

sodium in NHJ-EtOH or LifJH4 in TWF l3 to give (3S)- - 
methyl valeroLactane CL). 
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(L)-Homogeranyl bromide (z), another key intermediate, was prepared from ttlr: 

readily available geraniol (2) by the combination of known methods with some 

modification (Scheme 3,). 

Scheme 3. 

$- R 

13a: R= 

13: R= 

-3: R= 

OR2 

H 

f3r 

Thus, reaction of geraniol with sodium hydride and benzyl bromide gave geranyl. 

benzyl ether 19, which was generally not purified, but directly treated with ’ 

3-chloroperoxybenxbic acid to produce epoxy compoufid (2). A number of reagents 

(e.g. sodium $ass ‘O, lithium perchlorate ‘1, lithium diethylamide **, aluminiWn 

isdptopoxide ) were then examined for the conversion of epoxide (2) to allylic 

alcohol (10). In our hands, aluminium isopropoxide proved to be superior to the 

other reagents. The reaction was performed in refluxing toluene and afforded the 

desired product (10) in good yield. Catalytic epoxidation .bf alcohol (10) with - 
t-butyl hydroperoxide in the presence of catalytic amoun‘t of VOCacacfZ in 

benzene afforde’d epoxy al’cohol (It), which was then cmnver ted into (Z_)-homogeranyl 

bentyl ether (13a) by the sequence involving oxirane reactiori with lithium 

dimethyl cuprate and elimination of the hydrolty groups of the resulting diof !!?) 

by treatment with dimethylformamide dimethyl acetale and acetic anhydride 24. . 

HPtC analysis showed that the product (1Sa> was contaminated by less than 8 % of 

(&)-isomer , which was removed after deprotection by treatment with lithium ih 

liquid ammonia by column chromatography. The resultant cl)-Homogeraniol (l3b) was 

then conveited to diastereomerically pure (2)-homogeranyl bromide (3) by treatment 

with phosphorous tribromide, in 24 % overall yield (based on geraniol). 

Next task was to connect the two building blocks (2 and 2). For this, wc plan 

a diastereoselective carbon-carbon bond formation by an efetrophilic enolate 

alkylation (Scheme 4.1. 

Enolate (4a) generated from the lactocte (4-1 seemed particularly attractive far 

this purpose by virtue of its rigidity and conformationally enforced proximity of 

its reacting center (C,). Furthermore, in the transition state of alkylation only 

one of the possible conformers (4c, methyl group in perpendicular position > is 

stabilized by hyperconjugative interaction. Here, the incoming electrophile 

preferentially attacks on the opposite side of the plan and renders the CR)- 

configuration at the newly created chiral center (Scheme 4.). 



2W R= H -* 

OY - OTHP - 

tOOMe 

la or lb 

Me THP 

Me H 

H THP 
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Scheme 4. 

Coupling reaction between enolate (4a) generated from the factone (a> 

with lithium diethylamide, and (Z_)-homogeranyl bromide (2, praceeded as expected to 

give predominantly the desired anti-isomer (2!?,3S)-2, together with a small 
amount (less than 6 X) of u-isomer (2&X$. This high anti stereofaciaf selec- 
tivity was evidenced by the trans refationship fwnd between the substituents of 
factane moiety in the product (2_>* as deduced from the coupling constant value 
J2 3 in NMR spectra, that requires trans-arrangement for this substituent. 

9 
Trivial reactions were then used to convert lactone (2) into (+I-faranal 

(fa). Thus, transesterification of 2 with MeOH and Et3N led to a hydroxy ester 

(*I which was converted to protected ester ( > by treatment with d~hydrQpyra~ 

in the presence of pyridinium p-toluenesulfonate. Reduction of l4b with excess 

lithium afuminium hidride gave the alcohol (15a) which was converted to the 

corresponding mesylate ( ) by mesyl chloride in the presence of triethylamine, 

The: mesylate (15b) was reduced with lithium alum~n~um hidride in refluxing THF 

and then the protecting graup af the resulting ether ( > was removed by acid 

catalyzed hydrolysis, Finally, oxidation of the resulting alcohol (i6b) with 
pyridinium dichromate afforded (*)-faranal (la) in 1.9 % and 3.5 X overall yield 

(based on 1 and 6, respectively). 

Chiral lactone (6) also served as the key intermediate in the first stereo- 

controlled synthesis of (+I-13-norfaranal ( )fScheme 4,). Here, in the electra- 

philic ester enolate alkylation we used geranyl bromide (3a) and isolated the 

desired anti-isomer Zb, together with a small amount of-~-isomer (6 %I. This 
was converted to ~tere~is~mer~cal~y 94 % pure (+I-lf-norfaranal (fbj by the 

method described above fur (+I-faranal, via intermediates 14c, 14d -E, fi, --no* 
16~ an 16d in 19.4 X overall yield from laxne 4, 
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EXPERIMEHTAL 

IR spectra were obtained with a Specord fR-75 (Carl Zeiss, 3enaJ spectrophotometer.‘H- and 

13C-NMR spectra were recorded on a JEOL FX-100 FT-NMR instrument at 100 and 25 MHz, respectively, 

and ace reported in ppm downfield from internal TMS. Mass spectra were taken on a JEOL-20K and a 

JMS-OlSG-2 combined GC-MS system at 75 eV ionizing energy. HPLC measurements were carried out on a 

Du Pont 830 instrument. For the capillary GLC analyses a Packard 428 instrument equipped with FID 
was used. Thin layer chromatography was carried out using Kieselgel 60 F234 on alumina plates (E. 
Merck Co,FRG) and hexane-ecetone=5:0,2(A), hexane-acetone=lO:l(BI, hexane-acetone=5:2!C) or hexane- 
ethyl acetate=2:1(0) eluant systems. Spots were visualised by immersing the plates into 5 X 

ethanolic solution of phosphomolibdenic acid and then heating.Afl solvents used were freshly 

distilled and anhydrous, and operations with alkyl lithiums, cuprates, LiBH4 and tiA1H4 were carried 
out under dry argon atmosphere. 

mixture was acidified to pH=2 by the addition of concentrated hydrochloric acid. To the emulsion 

sodium chlor ide (150 g) was added and the resul ting mixture was centr fuged at 3000 g for five 

minutes. The precipi tated part was washed with ethyl acetate (400 mL) and the s uperna tan t was 
extracted three times with ethyl acetate (800 mL, each). The combined ethyl acetate solutions were 
washed with brine (200 mL) and dried over MgS04. Evaporation of the solvent in vacua gave crude 2, 
which was further purified by vacuum-distillation to yield pure t(213 Q, 74 X) as a colorless oil. 

BP. : 106-107°C (0.05 torr);tw]i2=0.490(neat). Lit.2B:~@#+0.580(neat, 100 X eel. 

Recrystallration of this product (!,12 g, 75 mmol) with l-cinchonidine (22.2 g, 75 mmol) from water 

(210 mL) containing acetone (60 mL> resulted chrystalline salt of fi as white needles. Chrystals 

were then solved in 1N hydrochloric acid (60 mt) and extracted three times with ether (30 mL, each). 

The combined ethereal solutions were then washed with brine (15 mL) and dried over MgS04. After 

evaporation of the solvent in vacua optically pure g (7.7 g, 64 XI was obtained as a pale yellow 

oil.~~]~2= 0.57’fneat); TLC (Cl: Rf= 0.35; IR(film), Ymax: 3200, 2900, 1725, 1700, 1440, 1380, 
1290, 1200, 1160, 1080, 1010 cm -l;lH-NMR <Ccl,,& 1.08 (d,J==5,5Hz, 3H,-CH3), 2.31 cm, 5H,2-CH2- 
and l-CH=), 3.62 (s,3H,COOCH3), 11.3 fbr s, lH,COOH); MS m/e: 16O(l![kl+], 143(11), 142(25), 129(65), 

128(27), 114(66), 101(66), 100(50), 87(lB), 83(16), 82(21), 74(67), 72(21), 69(78), 60(13), 59(100), 

56(12), 5Sf42), 45fl3), 44(77), 43(33), 42(46), 39(27). 

(-f-(3S)-Hethylvalerolactone (4) 

a) To a stirred and boiling solution of distilled ammonia (700 mL) containing dry ethanol (60 mL) 

and fi (32 g, 700 mmol) sodium pieces were added portionwise. After complete sodium addition the 
mixture was boiled and stirred for 1 h andthen solid ammonium chloride was added until the 

disappearance of the deep blue color of the mixture. Ammonia was evaporated and the residue was 
dissolved in water (400 mL). The aqueous solution was acidified to pH 2 at O°C with 50 X H2S04 and 

then extracted three times with ethyl acetate (400 mL, each). Ethyl ecetate solutions were combined 

and washed with brine (8D mL), dried over MgS04. After evaporation of the solvent in vacua the 
residue was vacuum-chromatographed (VLC>27( on 200 g of 63-100 pm Kieselgel 60 with hexane-acetone= 
10~1 eluant) to yield 2 (12.8 g, 56 XI. 
Product can only be stored without decomposition at 4’C in diluted aprotic (e.g.ethereal) solution 

for a longer period. 

b) To an ice cooled and stirred solution of a (101 g, 0.63 mol) in methanol (500 mL) LiOH H2D 
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f26.3 Q, 0.63 mol) was added portionwise maintaining the inner tempera ture under 15’C. After complete 
dissolution of the LiOH H2fl methanol and water was evaporated from the resulted salty produc t in 
vacua to yield dry lithium salt of t (100.4 g, 95 XI. 80 Q (0.48 mol) of this salt was suspended in 

dry THF (800 mt) under dry argon atmosphere and then LiBH,(16.5 g, 0.76 mol) was added to the 

vigorously stirred suspension. The resulted mixture was rdfluxed for 1 h and after cooling to room 

temperature poured into ice-water (500 mt), which was then acidified to pH=2 by dropwise addition 

of concentrated hydrochloric acid. The acidified aqueous mixture was extracted four times with ethyl 

acetate (400 mL, each) and then the combined organic layers were washed with brine (150 mL> and 

dried over MQSO,. After evaporation oi the solvent in vacua and VLC purification (as above) pure 4 

(29.9 g, 55 X> ;as obtained. 

k1;3=-23.5’ (c=5.21, CHCl3, 

recrytallized aIt Lit.” 

from unrecrystallized !I 

: [*12’=+27 .6’ cc=5 72 CHCl 

and [@$‘=-26.9’(c=4.98, CHCl3, from 

. 3R-enantiomer, 100 X eel; TLC(C):Rf=O.39; 
IR (film),. 9 

920 cm-l; ’ 
max: 2900, 1720,‘1460, 1440, 1400: 1)70:‘1310, 1280, 1240, 1220, 1160, 1080, 1060, 1000, 

H-NMR tCDCl,, 6): 1.09 cd, J=~.SHZ,*CH~I, 1.4-2.3 (br m, SH, 2-CH2- and I-CH=), 4.0-4.5 

(m,2H,-CH2-0); MS m/e: 115(4)[M~i]+, 114(21)[M+] ,eS(1),84(2),71(3),70(2)), 55(100),42(83),41(54),39(40). 
(2E)-1- Benryloxy-6,7-epoxy-3,7-dimethyl-2-octene (9) 

To an rce-cooled and stlrred solution of geranyl benryl ether 23 (30 Q, 0.122 mol) in dry dichloro- 

methane (300 mt) 3-chloro-peroxybenroic acid (31.5 g, 0.128 mmol, 75 X content 1 was added portionwise 

maintaining the inner temperatu.re under S’C. After complete addition the resulted mixture was stirred 

at O°C for 1 h and then the precipitated white solid was filtered off. Filtrate was washed two times 

with 10 X sodium hydroxide solution (80 mL, each) and then brine (50 mL>. After evaporation of the 

solvent VLC of the residue (on 300 g of silica gel with hexane-acetone=5:0.1 eluant) resulted 2 

(21.9, 69.X) as an oil. TLC (EI:Rf=0.36; IR(film), vmax: 2900, 2840, 1660, 1445, 1370, 1240, 1190, 

1100, 1080, 11360, 1020, 725, 690 cm-‘; ‘H-NMR (CC14, 6): 1.18 (m, 6H, 2-CH3), 1.4-1.8 (m, 5H,-CH2- 

and -CH3), 2.12 (mc, 2H,-CH2-), 2.49 (t, J=C;Hz, \H,C6 -CH=>, 3.90 (d, J=7Hz, ZH, -CH2-OBr), 4.38 

(s, ZH, 0-CH2-Ph), S.33 (t, 3=7Hz, lH,-CH=C), 7.19 (m,5H,Ar-H);MS m/e: 210(l)fH+I, 174(6), 154(4), 

123(7),107(7), 91(100), 85(13), 7f(19), 59(20), 43(7). 

(2E)-l-Benzyfoxy-6-hydroxy-3,7-dimethyl-2*7-octadiene (10) 

A solution of 2 (15.6 Q, 60 mmol) and aluminium isopropoxide (12.3 Q, 60 mmol) in dry toluene 

(100 mi) was refluxed and stirred for 8 h, After cooling to room temperature hexane (100 mt) was 

added to the resulting mixture and then the organic solution was washed with ZM hydrochloric acid 
(100 mu), saturated NaHC03 solution (40 mL) and brine (40 mL). The organic layer was then dried over 

HgS04 and the solvent was-removed in vacua to give 10 (14.6 Q, 93 X) as a pale yellow oil. TLCtC): 

Rf=0.47; IR (film) Vmax: 3400, 2900, ZBSO, 1670, fSO0, 1460, 1380, 1075, 1040, 900, 740, 700 cm-l; 

‘H-NMR CCDC13,S): 1.66 (s, SH,-CH3), 1.71 (s, 3H,-CH3), 1.95 (mc, 4H, 2-CH2-1, 3.57 (m, lH,=CH-01, 

3.99 (d, 3=6.5 Hz, 2H,-Cti2-OBz), 4.47 (s, 2H, 0-CH2-Ph), 4.80 and 4.92 (m,m,‘LH, C=CH2), 5.38 (t, 

J=6,5Hz,lH,-CH=C), 7.27 (br s, SH, Ar-HI; MS m/e: 260(l)CM+I, 242(l), 174(3), l69(4), f51(13),125(7), 

123(10), 109(8), 107(18), 97(6), 95(8), 93(10), 92(17), 91(100), 82(12), 81(19>, 71(16f, 69(f5), 

68(11), 67(15), S5(12), 44(22), 42(19). 

(2E)-1-Eenzyloxy-7,8-epoxy-6-hydcoxy-3+7-dimethyl-2-octene (11) 

To a solution of 10 (10.4 g, 40 mmol) in dry benzene (100 mL) 20 mg of VO(acac)2 catalyst was 

added and then t-BuOOH (8.0 Q, 90 X content, 80 mmof) was dropped to the resulting mixture over a 

period of 15 min. After stirring at room temperature for 2 h, additional VOfacac)2 catalyst (20 mg) 

was added to the reaction mixture and stirring was continued for another 2h. The obtained mixture 

was then diluted with hexane (100 mL) and washed with 10 X Na2C03 solution (30 ml_) and brine{30 mL). 

After drying (MgS04) and evaporation in vacua the resulting residue was purified by VLC(on 200 Q of 

63-200 pm silica gel with hexane-acetone=lO:l eluant) to yield pure 11 (8.6 g, 78 X) as an oil. 

lLC(C):Rf=O.38; IR (film), vmax 3350, 2900, 2830, 1660, 1500, f450, 1380, 1360, 1190, 1060, 1020, 

940, 900, 740, 700 cm-‘; ‘H-HMRkCl ,,&I: 1.30 (s,3H,-CH3), 1.50 (m,2H,-CH2-1, 1,66(s,3H,-CH3), 2.22 

(m,2H,-CH2-1, 2.61 (mc,2H, C8-CH2-), 3.48 (m,fH,OH), 3.96 (d,J=6_SHi,2H,-CH2-OBz), 4,34(s,2H,O-CH2-Ph), 

5.39 (t,J=6.5Hz, lti,-Ctt=CI, 7.29 (br s,SH,Ar-H); MS m/e: 276((. l>tM+& 174(Z), 170f21, l69(3), 167(3I, 

lS3(3), 141(3), 123(4), 121(4), 111(9), 97(9), 91(1DO), 87(10), 81(26), 43(31), 41(25). 

(2E,6,7-anti)-l-5enzyloxy-6,7-dihydroxy-3*7-dimethyl~2-octene (12) 

To a suspension of copper(l) todlde (9.4 Q, 48.4 mmol) in dry ether (100 mL) 1.38 M ethereal 

methyl lithium solution (70 mL, 97 mmol) was added below -2O’C under dry argon atmosphere, After 

stirring at -2O’C for 10 minutes the mixture became hOmOQf2nOUS and then z (6.67 gI 24.2 mmol) in 

dry ether (30 mL) &as added to this solution at -2OOC. The resulting mixture was stirred at O°C for 

4 h and then was quenched by addition of 10 X NH4Cl solution (30 mL). ‘The ethereal layer was washed with 

two additional portion of 10 X NH4Cl solution (30 nL,each) and brine (30 mL) and dried over MQSQ4. 

The VLC (100 Q of 63-200 pm silica gel , hexane-acetone=lO:l eluant) of the residue of the evaporation 

in vacua gave 12 (4.45 Q, 63 XI. TLCIC):Rf=U.34; IR (film), Vmax: 3350, 2900, 2840, 1660, 1450, 1380, 
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1060, 1000, 730, 695 cm -l; I’H-NMR (COC13, 6): 0.91 (t, J=f;,SHz, 3H,-CH3), 1.12 (s, 3H,-&H3), 1,45 

(mc, 4H,2-CH2-), 1.65 (s, 3H,-CH3), 2.12 (t, J=6Hr, 2H,-CH$* 2.36 (br s, 2H,2 UH), 3.35 (m, lH,=CH 

-Cl), 4.01 fd, 3=7Hr, 2H,-CH2-OBt), 4.47 (3, ZH, 0-CH2-Ph), 5,42 (t, 3=7Hr, 1H,-CH=C), 7.29 (br s, 

SH, Ar-H); MS m/e: 292(< l)CH+I, 274(3), 219(S), 183(4), 166(3), 163(3), f55(5), 137(5), 112(a), 

111(14), 9tflgO), 81(20), 73X58), 68(X0, 5?(22), 43(22), 41f15). 

(2E,62)-l-Eenzyloxy-3,7-dfnothyl-2,6-nonadiene (13a; Z-hnmngeranyl benzyl ether) 

A solution of J2_ (9.8 g, 29.8 mmol) in N,N-d~methylforma~ide dimethyl acetale (30 mL) was 

stirred overnight at room temperature and then evaporated in vacua. To the residue acetic anhydride 

(30 ml) was added and the solution was boiled and stirred for 8 h. After cooling to room temperature 

the mixture was diluted with hexane (250 mL) and washed with water (50 mL), two times with 10 X 

sodium hydroxide solution and brine (50 mL). After drying over HgS04 the solvent was removed in 

vacua and the residue was purified by VlC (100 g silica gel, hexaoe-acetone=5:0,1 eluant) to yield 

f3a (5.05 g, 65 X) as an oil. TLC (A):Rf=O.62; IR (film), Qmax: 2970, 2930, 2850, 1660, 1650, 1370, 

1230, 1100, 1060, 1020, 725, 690 cm -l; ‘H-NMR (CC14,d): 0.95 (t, J=6.SHz, 3H,-CH3), 1.65 (s, 3H,-CH3), 

f-72 (s, 3H,-CH3), 2.10 (m, 4H, Z-CH2-f, 3.94 fd, J=6.SHz, 2H,-Cti208z), 4.46 (s, 2H, 0-CH2-Ph),S.OS 

(m, lH,-CH=C), 5.33 (t, 3=6.5Hz, lH,-CH=C), 7.29 (br s,5ti,Ar-H); MS m/e: 258(ll)CM*I, 229(2),176(6), 

167(7), 150(25), 137(26), 121(17), 91(100), 83(66), 55(66), 41(29); HPLC: tR= 147 s (maIn component, 

95 X, (ZE,6i)-isomer: tR= 138 s, 5 %; 250x4.5 mm LiChrosorb RP-8 10 pm,1 mllmin acetonitrile eluant, 
x = 254 nm). 

(PE,6Z)-3,?-D~methyl-2,6-nonadion-l-o1 (13b* Z-homoperanlol) .~-- ..-- 
To a stirred boiling solution of LiNti2fprepared from lithium (1.4 p, 167 mmol)~ in dry ammonia 

(300 mL) was added a solution of 13a (4.3 g, i6.7 mmol) in dry n-hexane (30 mL). After stirring for 

30 min, an excess of ammonium chloride was added, and the mixture was diluted with n-hexane (800 mL). 

The ammonia was evaporated, and water (150 mL) was added. The separated aqueous layer was extracted 

with hexane (200 mt) and the hewane layer was washed with saturated NH4Cl solution (100 mL), and 

dried over MgSO4. After removing the solvent the residue was purified by low presure liquid 

chromatography (LPLC) (on lo-40 pm Kieselgel HR using hexane-acetone=lO:l as eluant) to afford ~ 

(2.37 g, 84 W). TLC(C):Rf=0.50; IR (film), 3max: 
‘H-NMR (CC1 

3350, 2980, 2940, 2880, 1660, 1450, 1380, 1000 cm-‘; 

,,b): 0.96 (t, J=6.5Hz, 3H,-CH3), 1.64 (br s, 6H,2-CH3), 2.01 (m, 4H,2-CH2-1, 2.03 (q, 

J=6_5Hz, 2H,-CH2-I, 3.76 (m,lH,OH), 4.03 (d, 3=6.5Hz,2H,-CH2-01, 5.07 (m, lH,-CH=C), 5.37 (t,J=6.SHz, 

If+,-CH=C); MS m/e: 168(1)[H’I, I5ltl), 150 (11, 137(3), 121(3), 111(2), 107(2), !33(7), 83(32), 

67(17), 55(100), 53(18), 43(12), 41(81), 39(38). 

(2E,6f)-l-Rrnmo-3,7-dimethyl-2,6-nonadiene (3; Z-homngeranyl bromide) - -- ---- 
To a stirred solution of 13b (1.68 0, 10 mmol) in dry ether (50 ml.) there was added a solution 

nf phosphorous tribromide (1.25 g, 4.5 mmol) in dry ether (5 mL) under dry argon atmosphere at -5nC 

in darkness. The resuttrng mixture was stirred at O°C for 45 min, and then brine (20 ml) was added. 

After extraction of the aqueous layer with ether (20 mL>, the combined ethereal solutions were 

washed with ice-cooled and saturatecl NaHCO) solution (10 mt) and brine (10 mL) and dried over 

14gSOo 1 Evaporation of the solvent in vacua at 0-5’C gave 2 (2.19 g, 95 %)as a pale yellow oil. The 

product IS sensitive for light, heat, wet and was used up immediately for the next step. TtC(hexane>: 

Rf=O.80; IR (CCl,), Vmax: 3030, 2980, 2945, 2880, 2870, 1650, 1450, 1380, 1200, 1105, f060 cm”; 

‘H-IIMR (f.Cl ,,&I: 0.90 (t, 3=6.5Hr, 3H,-CH3), 1.60 (s, 3H,-CH31, 1.66 (s,3H,-CH3), 1.93 (q, J=6.5Hr, 

2H,-CH2-1, 2.0 (m, 4H, 2-CH2-), 3.86 (d, J=B.iSHz, 2H,-CH28r), 4.96 (m, lH,-CH=C), 5.44 (t, 3=8,5Hz, 

IH,-CtI:Cj; MS m/e: 232(3), 230(2),[M*l, 175(2), 171(2), 151(18), 123(2), 109(2), 95(11), 83(100), 

81(17), 68(12), 67(11), 55(72), 41(23). 

f2R,3S,2~E,6~7)-2-(3,7-0imethyl-2,6-nonedienyl)-3-methyl-5-pentanolide (2) 

To a solution of lithium diethyl amide [prepared from diethyl amine CO.60 g, 8.2 mmol) and 

n-buthyl lithium (8.2 mmol, 1.1 M hexane solution)] in dry THF (20 mL) there was added a solution 

of 0 (0.94 g, 8.2 nmol, >95 X ee) in dry THF (5 ml.) below -70°C, and the resulting mixture was 

stirred at -78’C for 1 h. Then _i! (1.89 g, 8.2 mmol) dissolved in dry THF (5 mL> and dry HMPA (0.8 mL) 

was added below -7O’C. The resulting mixture was stirred at -78’C fnr 1 h andthen stayed at -3O’C 

overnight. The reaction was diluted with ether (SO mt) and quenched by 10 X hydrochloric acid (20 ml> and 

the 

were 

acidic layer was extracted two times with ether (20 mL; each). The combined organic solu 

washed with saturated NaHC03 solution (10 mL) and brine (20 mt and dried over MgS04. Af 

tions 

ter 

evaporation of the solvent in vacua, the residual oil was chromatographed at low pressure (on 

40-60 pm LiChroprep Si 60 with hexane-acetone=lO:O.S as eluant) to afford 2 (1.07 g, 48 X) as an oil. 

1w3;i6= -8.8O, Lo+ -6.8’ (c=2.89, CHC13); TCC(C):Rf=O.SB; If? (film), Ymax: 2970, 2940, 2890, 

1730, 1660, 14S0, 1380, 1270, 1200, 1145, 1100, 1060 cm-'; ‘H-NMR (COC13,b): 0.9s (t, 3=7.5H~, 

3H,-CH3), 1.08 (d, 3=6Hz, 3H,-CH3), 1.65 (br 8, 6H,2-CH3), 1.7-2.8 (br m, lOH,Q-CH2- and 2-W=), 

4.0-4.5 (m, 2ti,-CH2-01, 5.09 Im, 2H,2-CH=C); 13C-NHR (COC13): 12.W-CH3), 16.26(-CH,),20.68(-CH3), 

22.8S(-CH3), 24.81(-CH2-), 26.l$(-CH2-), 27.79(-CH2-1, 29.89f-CH<) 30.98(-CH2-1, 40.16(-CH2-1, 

48.32(-CH==), 67.48(0-CH2-), f20.69(-CH=), 123,79(-CH=), 137,16(=C=), 137,72(=C=), l73.69(C=O); 
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MS m/e: 265(7)CM+l~+, 264t27)cM’k 2O?(lS), 194(7), 183(2’T), 181(23), lSOW!), 127(17), l23(17), 

11S(16), 114(lOO), 99(34), 95(21), 93(16), 83(26), 82(19), 81(23), 69(16), SS(?S), 43(17), 41(62); 
CLC: tR= 13,84 min (94 X, (2!,3S)-isomer; tR= 13.67 nin, 6 Y, (22, 3Sl-isomer; 30 m x 0,ZS mm 
SP-2100 gIass capillary column,th= l60-260°C, 3’C/min, N2). 

~?R,3S,2’E)-2-~3,7-0imethy1-2.6-octsdieny1)-3-nethy].-S-pentano1ide (2a) 

Enolate generated from 4(31 g, 0.272 mol, 95 X ee) by LiNEt2 (0.272 mol) and geranyl bromide” 

(59.1 0, 0.272 mol) was corlpled as describe for the preparation of 2 to give 2 (34.6 g, Sl X> as 

a r~ale yellow oil TLC fC):Rf = 0.S7 ; td 1;:6= -0_6O, [WI;‘= -6.8’ (c=3,3S, CHC13); IR(film), 
\, max: 2970, 2930, 2880, 1730, 1660, 1450, 1380, 1265, 1140, 1100, 1070 cm-'; 1H-NMR(COC13,6); 

1.09 (d, J=C;Hz, 3H,-CH3), 1.4-1.9 (br m,3H,-CH2- and -CH=), 1.60 (s, 3H,-CH3), 1,615 (s, 3H,-CH3), 

2.03 Cmc, 6H, 3-Ct12-), 2.4 (m, lH, CH-COO), 4.25 (mc, 2H,-CH2-O), 5.09 (m, 2H,2-CH=C);13C-NMR(COC13): 

16.23 (C,, -CH3), 17.67 CC,, -CH3), 20.65 (C4-CH3), 25.71 K,,), 26.50 K,,), 27.67 KS), 29.84 CC,), 

30.95 (C,,), 39.09 (C,,), 48.26 CC,), 67.S4 (C,), 120.63 K,,), 124.17 CC,,), 131.31 (C,,), 137.66 

IC3,), 173.75 fC2), (main component, cy 94 X); MS m/e: 250(37) cW’3, 207(16), 194(3), 181(30),137(23), 

136(23), 127(l9), 114(100), 109(26), 99(39), 69(74), SS(2S), 41(84); GC: tR= 11.83 min,f2fl,3,S)-isomer, 

94 % (tR= 11,64 min,(2!?,32)-isomer, 6 %, 30 m x 0.25 mm SP-2100 column, tR= 160-26OoC, 3’C/min,N2). 

~lethy1(2R,1’S,4E,8Z)-S,9-dimethyl-2-fl-methyl-3-hydroxy-propyl)-4,R-undecadienoate (14a) 

A solution of 2 (1.05 g, 3.98 mmol) in dry methanol (6 ml_) and triethylamine (3 ml) was stirred 

at room temperature overnight, and then methanol and triethylamine was removed by vacuum evaporation. 

LPLC of the residue on 40-60 pm*LiChroprep Si 60 using hexane-acetone=lO:l. as eluant gave 14a(0.88 g, 

75 X) as an oil, TLC(C):Rf=0.44; IR (film), Vmax: 3350, 29S0, 2900, 1730, 1660, 1450, 1380, 1185, 

1150, 1100, 1OSD cm-‘; ‘H-NMR (CDC13, 6): 0.95 (m, (d and t), 6H, 2-CH3), 1.4-1.9 (br m, 3H,-CH2- 

and -CH=), 1.61 (s, 3H,-CH3),1.66 (s, SH,-CH3), 1.9-2.4 (br m, 9H,4-CH2- and W-COD), 3.63 (s, SH, 

COO-CH3), 3.75 (t, J=6.SHz, 2H,-CH2-0), 5.07 (m, 2H,2-CH=C); MS m/e: 296(lO)lM+], 239(7), 207(10), 

195(9), 181(l6), 153(a), 135(16!, 123(14), 107(14), 97(14), 93(16), 83(44), 82(21), 81(23), 79(16), 

69(l)), 68(10), 67(22), SS(lOO), 43(19), 41(65). 

Methyl~2R,1~S,4E,8Z)-S,9-dimethyl-2-(l-methyl-3-tetrahydropyranyloxy-propyl)-4,8-undecadienoata (14b) 

To a solution of 14a (830 mgI 2.8 mmol) and 2H-dihydropyran (300 mg, 3.6 mmol) in dry dichloro- 

methane I15 mL) was added piridinium tosylate catalyst (30 mg) and the mixture was stirred at room 

temperature for 6 h. The resulted solution was washed with water (3 mL) and brine (3 mL) and dried 

over MgS04. Evaporation of the solvent in vacua and LPLC of the residue (on LiChroprep Si 60 by 

hexane-acetone=S;O.l as eluant) gave 14b (1020 mg, 45 X) as an oil 7LC(O):Rf=0,52; IR (film),V,ax: 

2940, 2880, 1734, 1450, 1440, 1390, 1360, 1330, 1260, 1200, 1170, 1150, 1125, 1080, 1030, 990, 980, 

905, 870, 810 cm -l; ‘I+-NMR UXClplF): 0.93 (d, J=riHz, 3H,-CH3f, 0.96 (t, 3=7Ht, 3H,-CH3), 1.4-1.8 

cm, 15H, 2-CH3 and 4-CH2- and -CH=), 1.8-2.4 (m, 9H, 4-CH2- and =CH-COO), 3.1-4.0 (m, 4H, 2-CH20), 

3.64 (s, 3H,COO-CH3), 4.57 (m, 1H, 0-CH-O), 5.05 (m, 2H, P-CH=C). 

lkthy1(2R,1’S,*E~5,9-dimethy1-2-(1-methy1-3-hyroxy-propy1)-4,~-decadienoate (14~) 

2a (32.5 g, 0.13 mol) was converted to 14~ (29.2 g, 

14a - 

80 X) as described for the preparation of 

-* TLC(C):Rf=O,46; IR (film), qmax: 3400, GO, 2900, 1730, 1660, 1440, 1380, 1184, 1150, 1100, 

1050 cm-l; ’ H-NMR(CDC13,6): 0.95 cd, J=6Hz, 3H,-CH3), 1.4-1.95 (br m, PH,-CH2- and -CHL)~ 1‘60 

(br s, 6H, 2-CH3), 1.66 (s, 3H,-CH31, 1.9-2.4 (br m, 7H,3-CH2- and -CH-COO), 3.64 (s, 3H, D-CH3), 

3.65 (t, 3=6Hz, ZH, D-CH2-), 5.06 fm, 2H, 2-CH=C); MS mfe: 282(lO)[M+], 250(6), 239(10), 207(16), 

195(11), 181(24), 145(13), 134(20), 113(22), lD8(31), 96(19), 93(20), 81(29), 79(16), 69(100), 

55(22), 43(12), 41(63), 39(a). 

tlethyl(2R,1~S,4E)-S,9-dimethyl-2-(l-methyl-3-tetrahydropyranyloxy~propy1) -4,8_decadienoate (14d) 

14~ (26.0 gr 92 mmol) was converted to described for the preparation of 

14b. G(B):RL=O.Sl; IR(Otfm), vmax: 2940, 2875, 1730, 1665, 1450, 1440, 1365, 1360, 1320, 1260, 

1200, 1160, 1140, 1120, 1075, 1030, 995, 980, 905, 875, 810 cm-‘; lH-NMR (COCl,,b): 0‘93 (d,J=bHz, 

3H,-CH3), 1.4-1.8 (br m, lBH, 3-CH3 and 4-CH2- and -CH=), 1.8-2.4 (br m, 7H,3-CH2- and OH-COO), 

3.1-4.0 (m, 4t+, 2-CH2-O), 3.63 (s, 3H,CDD-CH3), 4.55 (m,lH, O-W-D), 5.0s (m, 2H, 24441; 

(SS,4R,6E,fOZ)-4-Hydroxymethy1-1 ..tetrahydropyrenyloxy-3,7,ll-trimethyl-6,lO-tridecadi~ne (1Sa) 

To a stirred suspension of lithium eluminium hydride (0.21 g, 5.4 mmol) in dry ether (0 mL) 

was added a solution of 14b (1000 mg, 2.7 mmol) in dry ether (3 mL) and the resulting mixture was 

stirred at room temperature for 1 h. The reaction was quenched by careful dropwise addition Of 

rater (3 mL) and then 15 X hydrochloric acid (5 mL) was added to the mixture to dissolve the 

precipitates. After fast separation the acidic layer was extracted with ether (10 mL ) and the 

combined ethereal solutions were washed with saturated NaHC03 solution (5 rnL) and brine (5 mt). 

After drying over MgSO4 the solvent was evaporated in vacua to afford 1Sa (603 mg, 87 %I as an oil. 

TLC(C):Rf=O.64; IR (film), qmax: 3S70, 2940, 2910, 2860, 1655, 1440, 1425, 1370, 1340, 1250, 1190, 

1170, 1120, 1060, 1020, 970, 89’5, 860, 800 cm -I; ‘H-NMR(CDC13,b): 0.89 (d,J=6Hz, 3H,-CH3), 0.95 

(t, J=‘IHz, ~H,-cH~), 1.3-1.9 (br m, 16H,2-CH3 and 4-CH2- and 2-CH=), 1.9-2.4 (m, OH, 4-CH2-), 

3.1-4.1 (br m, 6H, 3-CH2-0), 4.54 (m, lti, O-CH-0), 5.07 (m, 2h, 2-CH=C). 
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~3S,4R.6E.tOZ~-4-Hesyloxynethyl-l-tetrahydro~yranyloxy~3,7,ll~tr~m~thy~-6,l~~tri~e~adiene (lsb) 

To a stirred solution of lSa (780 mg, 2.21 ITWJ~) and triethylamine 010 mg, 3.09 mmol) in dry 

ether (6 ml_) uas added a solution of mesyl chloride (290 mg, 2.S4 mmol) in dry ether (3 mL) at OoC, 

and the resulting mixture was stirred at room temperature for 1 h. The mixture ~8s then diluted with 

ether (6 ml_> and 10 X hydrochloric acid (6 rnt.) was added. After separation and extraction of the 

acidic layer with ether (6 mL) the combined ethereal solutions were washed with saturated NaHC03 

solution (3 ml) and brine (3 mL) and were dried over MgSg4. Evaporation of the solvent in vacua 

yielded 15b (836 mg, 88 %I. TLC (D):Rf=0,61; IR (film), gmax: 2960, 2940, 2870, 2860, 1670, 1440, 

1430, 1350, 1250, ‘1200, 1180, 1130, 1110, 1070, 1030, 970, 950, 860, 830, 810 cm-‘; +-bNMR (COC13,6) 

U.93 (mc(d and t), 6H, 2-CH3), 1.4-1.9 (br m, 16H, 2-W) and 4-CH2 and 2-CH=), 2.0 (mc, 8H, 4-CH2), 

2.88 (s, fH, S02-CH3), ).I.-4.0 (br m, 4H, 2-CH20), 4.06 (d, J=6Hz, 2H,-CH2-Oh), 4.55 (m, lH, 

O-CH-01, 5.05 (m, 2H, 2-CH=C). 

(15~1 t3S,4R,6E~-4-Hydroxymethyl-l-tetrahydropyrany~~xy-3,7,~l-tr~methyl-6,lO-dodecad~ene 

Lrthlum aluminium hydride reduction of f4d (32.8 g, 89 mmol) according to the method desribed 

at 15a afforded 15 (27.3 g, 90 X> as an oil. TLC (C):Rf=0.63; TR (film), vmax: 3400, 2940, 2920, 

2865,1645, 1440:1430, 1370, 1340, 1310, 1250, 1190, 1170, 1150, 1120, 1105, f060, 1015, 970, 89S, 

860, 800 cm -‘i ‘H-NMR (COC13,~): 0.92 (d, J=6ti~, JH,-CH3), 1.3-1.9s (bF m, lYH, 3-CH3 and 4-CH2- and 

2-CH=), 2.03 (mc, 6H, 3-CH2-), 3.2-4.2 (br m, 4H, 2-CH2-Of, 3.58 (d, J=6Hz, 2H, O-CH2-1, 4.S6 (m, lH, 

0-CH-01, 5.11 (m, 2H, P-&H=C). 

~3S,4R,6E~-4-Mesyloxymethyl-l-tetrahydropyranyloxy-3,7,ll-tr~m~~hyl-6,lO-dode~adiene (7Sd) 

Mesylation of 1Sc (26.3 g, 78 mmol) by the process desribed at 1Sb gave (29.0 g1 89 X as an 

oil. TLC (O):Rf=O.61; IR (film), 3max: 2960, 2930, 2870, 1670, 1445, 1350, 1250, 1200, 1180, 1130, 

ills, 1070, 1060, 1025, 970, 950, 910, 860, 840, 810 cm -1; ‘H-NMR (COC13,b): 0.93 (da J=6.5Hr, SH, 

-CH3), 1.4-1.9 (br m, 19H, 3-CH3 and 4-Cti2- and 2-CH=), 2.01 (mc, 6H, 3-CH2-1, 2.94 Cs, 3H, S02CH3), 

3.2-4,l (br m, 4H, 2-CH2-01, 4.11 cd, Jz6Hr, 2H, -CH2-OHS), 4.56 (M, lH, 0-CH-01, 5.08 (m,2H,2-CH=C). 

(3S,4R,6E,1O2~-1-Tetrahydropyranyloxy-3,4,7,~l-tetramethyl-6,~O-tridecadiene (16a) 

To a stirred suspension of lithium aluminium hydryde (0.30 g, 7.9 mm011 in dry THF (8 ml) was 

added a solutron of 15b(805 mg, 1.98 mmol) in dry THF (8 mL) and the resulting mixture was refluxed 

for Ih. After coolinghe reactron was quenched by careful dropwise addition of water (9 mL). Then 

15 X hydrochloric acid (5 mt) was added to solubilite the precipitate and the mixture was extracted 

three trmes with ether (12 mL, each). The combined organic solutions were washed with saturated 

IlaHC03 solutions (4 mLf and brine (4 mL) and dried over MgS04. After removal of the solvent in vacua 

16a (586 my), 90 %I was yielded as an oil. TLC (AI;Rf=0.61; TRf film), Ymax: 2950, 2930, 2870, 1665, 

1405, 1430, 1375, 1350, 1315, 1260, 1200, 1160, 1120, 1110, 1080, 1070, 1030, 990, 980, 900, 870, 

a10 cm-l; l H-NMR (COC13, $1: 0.83, 0.89, 0.95 (d, d, t, 9H, 3-CH3), 1.4-1.9 (br m, 16H, 2-CH3 and 

4-CH2- and Z-CH=), 2.0 (mc, 8H, 4-CH2-1, 3.2-4.1 (br m, 4H, 2-CH2-01, 4.55 (m, lH, O-CH-Of, 5.10 

(m, 2H, 2-CH=CI. 

(3S,4R,6E,10Z)-3,4,7,Il-Tetramethyt-6,lO-tridecadien-l-ol (lab) 

A solution of 16a (531 mg, 1.58 mmol) and p-toluene sulfonic acid (5 mgf in methanol (10 mL) 

was stirred at room temperatura overnight. After addition of 10 PL of triethylamine the solution 

was concentrated in vacua and the residue was purified by LPLC (on LiChroprep Si 60 with hexane- 

-acetone=lO:l as eluant) to give 16b (373 mg, 94 X) as an oil. TLC (C):Rf=O.48; ~ti]:~6=-S.70, 
[W $2= -4.5’ (c=4,8?, CHC131; IR (film), Ymax: 3350, 2970, 2930, 2880, 1660, 1450, 1380, 1110, 1055, 

1015, 1000 cm-T; 1 H-NMR (CCl,,a): 0.83, 0.88, 0.97 (d, d, t, 9H, 3-CH3), 1.4-1.9 (m, 4H,-CH2- and 

2-CH=), 1.59 (s, 3H,-CH3), 1.66 (s, JH,-CH3) 2.0 (m, 8H, 4-CH2-1, 3.46 (s, lH, OH), 3.SS (t, 3=6Hz, 

2H,-CH2-01, 5.06 (m, ZH, 2-CH=C); MS m/e: 2S2(13)[M+] , 223(3), 195(12), 179(5), 177(5), 151(7), 

137(3S), 123(17), 113(l)), 109(19), 99(29), 95(49), 83(100), 69(3?), S5(79), 41(32). 

~3S,4R,6E~-l-Tetr_ahydropyranyloxy-3,4,7,ll-tetra~thyl~6,~O-dode~adiene (16~) 

Llthiurn aluminium hydride reduction of the mesylate 1Sd (29.6 g, 72 mmol) according to the 

method described at 16a yielded 16~ (22.0 g,95 XI as an oil. TLC (A):Rf=0.62; IR (film), Ymax:2960, 

2940, 2870, 1665, 1450, 1440, 1380, 13S0, 1320, 1260, 1200, 1160, 1130, 1110, 1070, 1060, 1030, 990, 

900, 870, 810 cm -‘i ‘H-NMR (COCl3,cT): 0.83 (d, J=f;Hz, 3H,-CH3), 0.88 (d, J=C;HZ, 3H,*CH3), 1.4-1.9 

(br m, lYH,j-CH3 and 4-CH2- and 2-CH=), 2.02 (m, 6H, 3-CH2-1, 3.2-4.1 (bc m, QH, 2-CH2-01, 4.57 

tm, lH, 0-CH-01, S.12 (m, 2H, 2-CH=C). 

(3S,4R,6E)-3,4,7,1l-Tetramethyl-6-fD-dodec8dien-l~o~ (16rl) 

(21.7 g, 67 mmol) by the process described at 16b but purified by VLC the 

crude product (on 200 g of 63-200 ,@a silica gel with hexane-acetone=lO:l as eluant) gave m(lS.2 g, 

96 %I as an oil. TLC (C):Rf=0.49;@~~~6=-S.90,[~$3=-4.60 (c=4.21, CHC13); IR (film), vmax: 3350, 

2980, 2945, 2890, 1660, 1455, 1380, 1205, 1105, 1055, 1010 cm-‘; ‘H-NMR (COC13,s): 0.82 (d,J=6,SHt, 

3H,-CH3)’ 0.87 (d, J=6.5Hr, 3H,-CH3), 1.4-1.9 (br RI, 4H,-CH2- and 2-CH=), 1.60 (br s, 6H, 2-CH3), 

1,68 (s, 3H,-CH3), 2.03 (mc, 6H, 3-CH -1, 3.62 (t, J+LHz, 2H,-CH -01, ft.10 (m, 2H,-CH=C); T’C-NMR 
(COC13): 16.09 (C4-CH3 and C7-CH3 i, i6.76 (C3-CH3), 17.67 (C11-EH3), 25.71 (C,,), 26.71 ($1, 
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31.53 $1, 33.73 (C,) 35.95 (C,) 38.78 (C,), 39.90 W,>, 61.63 (C,), 123.91 (C,>, 124.44 (C,,), 

131.22 fC,l), 135.32 CC,), (main component, cr 94 XI; HS m/e: 238(11)p1+3, 195(12), 177(4), US(~), 

137(7), 123(39), 109CZS), 99(24), 95(49), 83<42), 81(X’), 69(100), SS(411, 41(48). 

(+)-(3S,4R,6E,lOZ)t3,1,7,11-Tetramethyl-4,1O-tridecadienal {Ia;. (+)_Faranel) 

To a solution of 16b (332 mg, 1.32 mm011 in dry dichloromethane (15 mL) was added piridinium 

dichromate (505 mg, 1.35 mmol) portionwise at room temperature. After stirring for 3 h the resulting 

mixture was filtered through a small column containing IS g of Kieselgel 60 and the column was efuted 

with ether (SO mL). The resulted solution uas then evaporated in vacua and purified by LPLC (on 

LiChroprep Si 60 with hexane-acetone=S:0.1 as eluant) to yield la (214 mg, 65 X1 as an oil that 

froze keeping at -3O’C. Mp.: 

> 95 X eel, Lit.‘:tu~~‘= 

-2S°C, TLC (A):Rf=O.Sl; [*];;6= +19-oo,@4= +17.4’ cc= 4.12, EHC13, 

+16.2’ cc= 90 X IR 0,5, hexane, eel; (film), 3max: 2970, 2940, 2880, 

2720, 1730, 1655, 1450, 1380, 1120, 1080, 1020 cm-l; l H-NMR (COCf3,b): 0.84 (d, 3=6.5Hz, 3H,-CH3), 

0.93 Cd, J=6.5Hz, 3H,-CH3), 0.97 (t, J=?Hr, 3H,-CH31, 1.60 (s, 3H,-CH3), 1.67 (s, SH,-Cti+ 1.8-2.6 

(br m, 12:1,. 5-CH2- and 2-CH=), 5.09 (m, 2H, P-CH=C), 9.74 (t, J=2Hr,-CHO); “C-NNR (C0C13,(T): 12.81 

(Cl,), 16.00 (CA-&H3), 16,fZ CC,-CH3), 17.S5 (C3-CH3),22.87(Cll -CH3), 24.81 tCl,>, 26.27 CC,), 

30.97 CC,>, 32.02 (C,>, 38.49 (C,), 4O.ll CC,), 47.43 CC,), 123.12 (C,), 123.91 (Cl,>, 135.96 C,), 

137.18 (Cll), 203.21 (Cl>, (main component, ~94 %); MS m/e: 2SO(6)[M+l, 232(2), 221(2), 206(2), 

203(3), 193f26), 177(3), 17St8), 137(211, 123f201, 107(11), 9S(l8>, 83(100), 69(22), 55(78),43(17), 
41(33); HPLC: tR= 4.12 min (250 x 4.6 mm column,10 pm LiChrosorb RP-18,2.0 mlfmin MeOH-water=9:1 

eluant, X=215 mm/; GLC: tR= 21.11 min, OS,QfJ)-isomer, 94 Y (tR=20.87 min, (32,4S)-isomer, 6 X; 

40 m x 0.128 mm OV-1 capillary column, tk= 180°C, N21. 

(+)-05,4R,6E)-3,47,1l-Tetramethyl-6,lO-dode~adienal (lb; f+)-13-Norfaranal) 

Oxidation of 16d (10.0 g, b2 mmol) by the method described abOv8 afforded g (6.63 g 67 X) as 

an oil. TLC (A,:RfyS2;[+;,= *19.6°,t,];2= +17.5’ (c=4.46, CHCf3); IR (film), Ymax: 2980, 2945, 

2880, 2720, 1730, 1660, 14S0, 13H0, 1115, 1080, 1020 cm-‘; ‘H-NMR (COCX3,b): 0.84 (d, J=6.5Hz, 

3H,-CH3), 0.94 (d, J=6.5Hz, 3H,-CH3), 1.39 (s, 6H, 2-CH3), 1.68 (s, 3H, -CH3), 1.8-2.6 (m, lOH, 

4-c)t2- and 2-CH=), 5.10 (m,ZH,2-CH=C), 9.75 (t, 3=2Hz, lH,CHO); 13C-NHR (CDC13): 15.97 (C4-CJi3), 

16.09 CC,-CH3), 17.55 (c3-$H3)' 17.67 (Cl1 -CH3), 25.71 (Cl,), 26.62 $1, 31.91 tCS>, 32.00 fC,), 

36.49 (C,), 39.84 (C,), 47.42 (C,), 123.09 tC,>, 124.29 (Clo), 131.31 (C,,), lSS.90 CC,>, 203.21 $1; 

(main component, 94 X>; MS m/e: 236(4I[M+j, 193(22), 175(S), 149(S), 137(S), 123(33), 109(17), 

el(23), 69(100), 41(40), GLC: tR= 17.46 min, (3S,bR)-isomer, 94 % (tR’ 17.22 min, (3~,4~)-iSrNner, 

6 X; 40 m x 0.128 mm OV-1 capillary column, tk= 180°C, N2). 
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