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Abstract-Both (3s. 4R)-(t)- and (3R, 4S)-(-)-enantiomers of faranal [(6E, lOZ)-3,4,7,1 l-tetramethyld,lO-tride- 
cadienal] were synthesized. The former was comparable in bioactivity with that of the natural trail pheromone 
isolated from Monomorium pharaonis. 

In 1977 Ritter et al. isolated 70 pg of a pure substance, 
which has a very high trail-following activity, from lo5 
worker ants of Monomorium pharuonis (Pharaoh’s 
ant).” This was named faranal and its structure was 
shown to be (3R, 4S, 6E, 1O.Q3,4,7,1 I-tetramethyl-6,10- 
tridecadienal or its antipode.“’ A recent bioorganic syn- 
thesis coupled with the bioassay of the products enabled 
Kobayashi et al. to assign (3S,4R)-stereochemistry to 
faranal as shown in 1 on the basis of the known stereo- 
specificity of farnesyl pyrophosphate synthetase.’ Herein 
we report in detail a synthesis of both enantiomers of 
faranal with known absolute configuration depending 
entirely on organochemical methods.4 

The structure of faranal 1 was so similar to Juvenile 
Hormone II’ that we adopted the strategy previously 
used in our juvenile hormone synthesis.6 Our plan was 
therefore to connect the two key intermediates Zb and 3 
followed by one-carbon elongation to complete the syn- 
thesis (Scheme 1). 

The plenylsulfone 2b was readily obtainable in crys- 
talline form from the known (Z)-alkenyl bromide 2a by 

tPheromone Synthesis-Y. This work was presented by K.M. at 
the XVIth International Congress of Entomology in Kyoto, Japan, 
on Auaust 8.1980. Part 50. K. Mori and S. Kuwahara. Tetrahedron 
38,52i(198i). 

SResearch Fellow on leave from Otsuka Pharmaceutical Co., Ltd 
(1979-1981). 

WCHO 
(3S,4R ) - L 

treatment with NaS02Ph in DMF.’ The bromide 2a in 
turn was synthesized from acetylene and methyl vinyl 
ketone in four steps according to our method.’ 

The synthesis of the chiral bromide 3 was more com- 
plicated. Retrosynthetic analysis indicated that a racemic 
lactone 9 might be an ideal starting material if it could be 
resolved successfully (Scheme 2). An obvious precursor 
of 9 was c&3,4-dimethyl-cyclopentanone 8. We syn- 
thesized a sufficient amount of this ketone 8 in the 
following manner. Diethyl 4-cyclohexene-1,2-dicar- 
boxylate 4 was prepared starting from butadiene and 
maleic anhydride.‘*” This was converted to the required 
ketone 8 by essentially the same procedure as reported 
by Haber and Klug” with some modifications (Experi- 
mental). Reduction of the tosylate 5b with LAH was 
successfully carried out by using N-methylmorpholine as 
a solvent to give 6 in 73% yield.‘* Instead of ozonolysis 
in the original procedure,” permanganate oxidatior? 
was employed for the cleavage of the double bond in 6. 
The overall yield of the ketone 8 from the diester 4 was 
26% uia 5a, 5b, 6 and 7. Subsequent Baeyer-Villiger 
oxidation of the ketone 8 with MCPBA in CHC& 
smoothly yielded the desired (*)-lactone 9 in 90% yield. 

Optical resolution of the (*)-lactone 9 was achieved by 
first converting it to a (?)-hydroxy acid 1Oa by alkaline 
hydrolysis followed by neutralization to pH 5. Then 
(R)-(+)-a-phenethylamine was added to 10a. The resul- 
ting solid was recrystallized four times to give the 

C02Me 

Juvenile Hormone II 

t Cl - 1 

g X= Br 

h x= SO2Ph 

Scheme 1. 

1227 



K. MORI and H. UEDA 

c-1 

T T 

I 
N 

8 

I 

=.. *. 

% 

. . 

0 
I 

r 0 

‘: -c 0 
*. 
i 



The trail pheromone of Pharsob’s ant 1229 

puri6ed (+ )-salt, m.p. 135.5-136.6”, [a]~ + 5.02” (MeOH), 
in 12.2% yield. Acidification of the salt yielded (-)- 
lactone 9, [a]:: - 47.2” (MeOH). Similarly resolution of 
($40~ with (S)-(-)-a-phenethylamine afforded the (-)- 
salt in 9.1% yield, m.p. 133-134”, [&- 4.%” (MeOH). 
This gave (+)_lactone 9, [111~+46.3’ (MeOH), upon 
acidification. The absolute configuration of the resolved 
lactone was determined by a chemical correlation with a 
known compound. Thus partially resolved (-)-lactone 9, 
[alg-34.1’ (MeOH), was treated with HBr-EtOH to 
give a bromo ester 11. Hydrogenolysis (Hfld-C, 
CaCOs, MeOH) of 11 was followed by alkaline hydroly- 
sis to give (-)-34dimethylpentanoic acid 12. An authen- 
tic sample of (R)-12 was synthesized from (R)-(+)- 
citronellic acid 13 via an alcohol (R)-14, and found to be 
dextrorotat0ry.t The positive optical rotation of (R)-12 
allowed the assignment of (S)-conliguration to (-)-12. 
The (-)-lactone was therefore (3S,4&9, while the (+)- 
lactone was (3R, 4R)-9. In order to determine the optical 
purity of the resolved lactones 9, they were heated with 
(R)-(+)-a-naphthylethylamine to give amide derivatives 
(3S.4~lob and (3R,4R>19b. By analyzing their dias- 
tereomeric ratio by hplc, the optical purity of the lac- 
tones was shown to be 98% in the case of (3R, 4R)-(+)-9 
and 92% in the case of (3S,4S)-(-)-9. 

With optically active lactones 9 in hand, we proceeded 
to the next stage (Scheme 3). Iu the remaining steps to far- 
anal, no reaction was involved which might affect the 
two chiral centers in 9. The optical purity of the resolved 
lactone was therefore thought to be retained in the final 
product, faranal. All of the subsequent reactions were 

tDetails of this conversion will be reported separately in 
connection with the synthesis of brassinolide, a plant-growth 
promoting steroid. 

lirst carried out with the racemate to establish the reac- 
tion condition and then with the enantiomers. Reduction 
of (3R, 4R)-(+)-lactone 9 with DIBALH gave a lactol 15 
(86% yield). This was submitted to the Horner conden- 
sation with triethyl a-phosphonopropionate in the 
presence of NaOEt in DMF to give an ester 16a (54% 
yield) contaminated with 15% of its (5isomer as 
revealed by glc analysis. After protecting the OH group 
as a THP ether, the ester 16h was reduced with LAH- 
AICls in THF-ether” to give an allylic alcohol (5R, 6R)- 
17 in 78% yieid. This was converted to the desired 
bromide (5R,6R)-3 in 52% yield by treatment 
with n-BuLi-TsCl-LiBr in ether-HMPA.” Alkylation of 
a carbanion derived from 2l1 (n-BulilTHF-HMPA) with 
(SR, 6R)3 yielded (2R, 3R)-18 in 92% yield.’ This was 
reduced with Li/EtNHz to give (2R, 3R)-19a (61% yield), 
whose THP-protecting group was removed 
(TsOH/MeOH) to afford (2R, 3R)-alcohol 19b in 87% 
yield. For the purpose of one-carbon elongation 19b was 
tosylated to 19e (98% yield). The tosylate 19e was then 
treated with NaCN/DMSO to give a nitrile (3s. 4R)-28 in 
98% yield. This was hydrolyzed with NaOH to a car- 
boxylic acid 21 (97% yield). Reduction of the acid 21 
with LAH gave an alcohol 22 in 93% yield. Oxidation of 
22 with pyridinium chlorochromate (PCC)16 concluded 
the synthesis yielding crude faranal 1 (72% yield). So as 
to remove impurities such as (6Z)Gsomer of 1, the crude 
product was purified by preparative glc to give (3S, 
4R)-faranal l, [a]g + 16.2”(n-hexane). Similarly (3S, 459-9 
yielded (3R, 4S)-faranal 1, [a]g - 16.5” (a-hexane). 

The synthesized faranal enantiomers were thought to 
be - 90% optically pure reflecting the optical purity of the 
starting lactone enantiomers 9. The chemical purity of 
the both enantiomers of faranal was - 90% as shown by 
glc analysis using a capillary column. Faranal was 
observed as a major peak ( - 98%) at Rt 8.90 min, while an 

“-qJ, + gJOH _ Eto*C*oR + y/Q&p_ 

(3R,4R)-(+I- 3 (4R,sR)-12 (5R,6R)-12 R=H (5R,6R,-lJ X=OH 

b R=THP 3 X=Br 

sop 
WOTHP + *OR _, WX 

(2R,3R)- 12 (2R,3R)- 1% R=THP (35,4R)-g X= CN 

TV R-H g X=C02H 

& R= Ts g X= CH2OH 

(3S,4R) - (+I - 1 (3S,4S)-b-)-~ ( 3R,4 S)- (-I- L 

Scheme 3. 
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unidentified impurity appeared at R1 9.15min (-lO%)t 
The 3OOMHz NMR spectra of our farnal enantiomers 
were kindly taken at TNO, Delft, by the courtesy of Dr. 
F. J. Ritter. They were identical with that of natural 
faranal except for some very smaller signals due to the 
impurities. The bioassay of our synthetic enantiomers of 
1 was also carried out by Dr. F. J. Ritter et al. (3S,4R)- 
(+)-Faranal was far more active than the (-)-isomer and 
comparable in activity with that of the natural 
pheromone. When artificial trails of faranal enantiomers 
were directly compared in a competitive test at equal 
concentration (about 0.05 and about 0.5 ng/cm), the trail 
of (t)-faranal was clearly preferred. When the enan- 
tiomers were tested separately, the trail of (t)-faranal 
was very well followed by the workers of the Pharaoh’s 
ant over a concentration range of 0.005 to 0.5 ng/cm. A 
trail of (-)-faranal, when tested in the absence of (t)- 
isomer, was followed very well at 0.5 ng/cm only. The 
activity of (-)-faranal may be due to the contaminating 
( - 5%) (+)-isomer. 

In conclusion the present work established the ab- 
solute configuration of the natural faranal to be (3S, 4R) 
by organic synthetic means combined with the bioassay 
data. 

EXPERIMENTAL 

All b.ps and m.ps were uncorrected. IR spectra refer to films 
unless otherwise specified and were determined on a Jasco IRA-l 
or a Jasco A-102 spectrometer. NMR spectra were recorded at 60 
MHz as Ccl, soln with TMS as an internal standard on a Hitachi 
R-24A spectrometer unless otherwise stated. Optical rotations 
were measured on a Jasco DIP-4 polarimeter. 

(Z)-3-Methyl-I-phenylsuljonyl-2-penfene 2b 
A soln of 2a (10.0 g) in dry DMF (10 ml) was added dropwise to 

a stirred soln of NaSO*Ph (11.0 g) in dry DMF (40 ml). The 
mixture was stirred for 6 hr at room temp. Then it was poured 
into ice-water and extracted with ether. The ether soln was 
washed with water and sat NaCl aq, dried (MgS04) and concen- 
trated in uucuo. The residue was recrystallized from CH2C12-pet. 
ether to give l2.29g (89%) of 2b, m.p. 39”, ymaX 3050 (w), 2960 
(m), 2920 (m), 2860 (m), 1660 (w). 1580 (w), 1445 (s), 1410 (m), 
1380 (ni), 1355 (w), 1320 (s), 1305 (s), 1240 (m), 1210 (m), 1150 (s), 
1130 (s), 11 IO (m), 1085 (s), 1040 (w), 1020 (m), 1000 (m), 965 (w), 
885 (m). 840 (m). 775 (m). 740 (ml. 690 (m) cm-‘; 6 0.75 (3H, t, 
J = 7 Hz), 1.73 (3H, s), 1.79 (2ti;q. J = 7 Hz), 3.80 (2H, d, J = 
8 Hz), 5.17 (IH, t, J = 8 Hz), 7.40-8.05 (5H, m). 

cis-l,2-h’foxyloxymethyl-4-cyclohexe~e 5b 
p-TsCI (4lOg) was added portionwise to a stirred and cooled 

soln of SP (15Og) in dry CJHsN (15OOml) at -5 -5”. The mixture 
was stirred for 2 days in a cold room at 3”. Then it was poured 
into crashed ice and acidified with HCI soln. The solid was 
collected on a filter, washed thoroughly with water and air-dried. 
Then it was recrystallized from MeOH to give 333 g (80%) of 5b 
as colorless prisms, m.p. 93-94” (lit.” m.p. 93.5-94.5”); vmsX 
(nujol) 1600 (m), 1355 (s), 1190 (s), 1170 (s), 960 (s), 830 (s), 810 
(s), 760 (s), 665 (s) cm-‘; 6 1.41-2.51 (6H, m), 2.41 (6H, s), 3.85 
(4H, d, J = 6 Hz), 5.43 (2H, br. s), 7.26 (4H, d, J = 8 Hz), 7.68 (4H, 
d, J = 8 Hz). 

cis-4,5-Dimethyl-I-cyclohexene 6 
Solid Sh (630 g) was added portionwise to a stirred and warmed 

suspension of LAH (125 g) in N-methylmorpholine (2700 ml) at 

tThis impurity may be (lO@isomer of faranal. However, we 
could not rigorously identify it due to the scarcity of the material. 
The impurity might have resulted from the contaminating (IO& 
isomer of the impure sulfone 2b, although carefully purified 
sulfone 2b did not seem to contain the (IO&isomer upon reex- 
amination.‘“.” 

6C-75”. After the addition the mixture was stirred at 70” for 
2.5 hr. Then the temp was raised to loo” and the heating was 
discontinued. After cooling, water (820 ml) was added cautiously 
to the mixture and the product was steam-distilled. The distillate 
was collected. The upper hydrocarbon layer was separated, 
washed with dil HCI and water, dried (MgSO,) and distilled to 
give118.7g(73%)of6,b.p.121-123”,n~1.4480,v,,3020(m),2950 
(s), 2880 (s), 2820 (m), 1650 (w), 1450 (m), 1435 (m), 1380 (m), 1020 
(m), 990 (m), 865 (m) cm-‘; S 0.85 (6H, d, J = 7 Hz), 1.39-2.49 (6H, 
m), 5.46 (2H, br. s). 

(3R*, 4S*)-3,4_LJimelhylhexanedioic acid I 
KMnO, (200~) was added portionwise to a stirred mixture of 6 

(50.3 g) and NaHCOj (40 g) in acetone (3000 ml). The mixture was 
stirred overnight and filtered. The filter cake was stirred with 3% 
Na2COI aq (3000ml) and filtered. The alkaline filtrate was con- 
centrated and acidified with cone HCI. The soln was concen- 
trated in uacuo and extracted with ether. The ether soln was 
washed with water and sat NaCl aa. dried (MaSOd) and concen- 
trated in uacuo. The residue was r&rystaliized from EtOAc-n- 
hexane to give 47.08 (59%) of 7 as colorless prisms, m.p. 132.5- 
133” (lit.” m.p. 134-135”). v,., (nujol) -3700--2000(m), 1700 (s), 
1415 (m), 1320 (m), 1290 (m), 1175 (m), 950 (br.m) cm-‘. (Found: 
C, 54.74; H, 7.96. Calc. for &H,.+O,: C, 55.16; H, 8.10%). 

(3R*, 4S*)-3,4-Dime~hylcyclopenlanone 8 
A mixture of 7 (53.2 g) and Ba(OH)2.8Hz0 (3.0 g) was heated at 

300” and the distillate was collected. The distillate was mixed 
with K&O3 to salt out the ketone and extracted with ether. The 
ether soln was washed with sat NaCl aq, dried (MgSO,) and 
concentrated. The residue was distilled to give 25.5 g (75%) of 8, 
b p 160-W’, n:: 1.4370. , vmax 2950 (m), 2860 (m), 1740 (s), 1460 
($1 1410 (w), 1385 (w), 1250 (w), 1160 (m), 1095 (w) cm-‘; 6 0.97 
(6H, d, J = 6 Hz), 1.56-2.76 (6H, m); MS; m/z 112 (M+). 

(3R*, 4R*)-(+)-3,4-DimethyI-S-pentanolide (t)-9 
MCPBA (80% purity, 75 g) was added portionwise to a stirred 

soln of 8 (35 g) in CHCll (800 ml) and the mixture was stirred for 
22 hr at room temp. Then it was filtered to remove MCBA. The 
filtrate was washed with NaHSOs aq, water and sat NaCl aq, 
dried (MgSO,) and concentrated in UQCUO. The residue was 
distilled to give 36 g (90%) of (?)-9, b.p. 73-76”/0.55 mm, II:: 
1.4654; vmsl 2950 (m), 2900 (m), 1740 (s), 1480 (w), 1455 (w), 1405 
(m), 1380 (m), 1350 (m), 1290 (w), 1260 (m), 1240 (m), 1200 (m), 
1175 (m), II00 (m), 1045 (m), 1015 (w), 995 (m), 950 (w), 900 (w). 
880 (w). 820 (w), 800 (w) cm-‘; S 0.94 (3H, d, J = 7 Hz), 0.95 (3H, 
d, J = 6 Hz), 1.80-2.45 (4H, m), 3.95-4.25 (2H, m). (Found: C, 
64.95; H, 9.57. Calc. for C7H1202: C, 65.59; H, 9.44%). 

(3S, 4S)-(-)-3,4-Dimethyl-5-pentanolide (-)-9 
A mixture of (?)-9 (84 g) and 4 N NaOH aq (200 ml) was stirred 

and heated under reflux for 1.5 hr. After cooling, the soln was 
neutralized with 6N HCI (80 ml) to pH 5. Then it was extracted 
with ether. (R)-(t)-cr-Phenethylamine (80g) was added to the 
ether soln and the resulting mixture was concentrated. The 
resulting solid was recrystallized four times from acetone to give 
10.7 g (12.2%) of colorless needles, m.p. 1355-136.5”, [a]:: +5.02” 
(c = 2.25, MeOH); v,,,,, (nujol) 3350 (m), -2650 (br.m), 2520 
(m), 2200 (w), 1620 (m), 1550 (s), 1520 (s), 1450 (m), 1400 (s), 1035 
(m), 765 (m), 755 (w), 700 (m) cm-‘. (Found: C, 67.56; H, 8.92; N, 
5.30. Calc. for CI~H2~OsN: C, 67.38; H, 9.43; N, 5.30%). This salt 
(10.7g) was mixed with 4N HCI (30ml) and the mixture was 
stirred for 30min at room temp. Then it was extracted with 
CHCI+ The CHC& soln was washed with water and sat NaCl aq, 
dried (MgSO,) and concentrated in wcuo. The residue was 
distilled to give 4.57 g (91% recovery) of (-)3, b.p. 75’lO.S mm, ng 
1.4629; [a]::-47.2” (c = 1.23, MeOH). The IR and NMR spectra 
were identical with those of (+)-9. 

(3R, 4R)-( t )-3,4-Dimefhyl-5-penkmolide ( t )-9 
The lactone 9 (52 g), enriched in (t)-9, was recovered from the 

above described res&tion experiment. This was mixed with 4 N 
HaOHaq (125 ml) and the mixture was stirred and heated under 
reflux for I.5 hr. Subsequent resolution procedure with ($(-)-a- 
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pheuethylamine (50 g) as described above yielded 8.0 g (9.1%) of 
pure (-)-salt, m.p. 133-134 °, [a ]~-4 .96  ° (c = 2.34, MeOH). The 
IR spectrum was superimposable on that of the (+)-salt. (Found: 
C, 67.61; H, 9.41; N, 5.21. Calc. for C~sH2sO3N: C, 67.38; H, 9.43; 
N, 5.24%). This salt was converted to 3.45 g (91% recovery) of 
(+)-9, b.p. 76°/0.6 mm, an ~ 1.4633; [a]D = +46.3 ° (C = !.85, MeOH). 
The IR and NMR spectra were identical with those of (-)-9. 

Determination of the optical purity of (+)-9 and (-)-9 
A mixture of (+)-, (-)- or (-+)-9 (100mg) and (R)-(+)-a-naph- 

thylethylamine (98% optical purity, 3 ml) was stirred and heated 
at 100O for 1.5 hr. After cooling, the mixture was diluted with 
CHCI3. The CHCI3 soln was washed with 10% HCI aq and water, 
dried (MgSO4) and concentrated in vacuo. The residual 10b was 
analyzed by hplc using Shimadzu LC-2F apparatus, hplc 
(Column; Zorbax SIL, 25cm x6.2mm; Eluent, EtOAc-MeOH 
20:1 v/v); Flow rate, 1.0ml/min): Rt 19.2 rain (amide derived 
from (+)-9), 21.5rain (amide derived from (-)-9). The hplc 
analysis showed the optical purity of (+)-9 to be 90.0% and that 
of (-)-9 to be 92.4%. 

Ethyl (3S, 4S)-5-bromo-3,4-dimethylpentanoate 11 
Dry HBr was bubbled for 40 rain into a stirred and ice-cooled 

soln of the partially resolved lactone (-)-9 (1.37 g [a]g-34.10 
(c = 1.49, MeOH)) in dry EtOH (15 ml). The soln was left to 
stand overnight at room temp, then poured into ice-water and 
extracted with ether. The ether soln was washed with water and 
sat NaC1 aq, dried (MgSO4) and concentrated in vacuo. The 
residue was distilled to give 1.79 g (70%) of 11, b.p. 87-90°/1.0 ram, 
n~  1.4586; p ~  2975 (m), 1730 (s), 1450 (m), 1370 (m), 1270 (m), 
1175 is), 1095 (m), 1030 (m) cm-t; 8 0.44-1.25 (6H, m), 1.22 (3H, 
t, J = 7 Hz), 1.44-2.54 (4H, m), 3.00-3.55 (2H, m), 4.07 (2H, q, 
J = 7 Hz). 

(S)-(-)-3,4-Dimethylpentanoic acid 12 
5% Pd-C (0.50 g) and CaCO3 (0A0 g) were added to a soln of 11 

(1.79 g) in MeOH (20 ml). The mixture was shaken under H2 for 
20 hr and then filtered. NaOH (4 g) and water (10 ml) were added 
to the filtrate and the basic mixture was stirred and heated under 
reflux for 2 hr. MeOH was removed in vacuo. The residue was 
acidified with conc HCI and extracted with ether. The ether soln 
was shaken with sat NaHCO3 aq. The aq layer was acidified with 
HCI and extracted with ether. The ether soln was washed with 
water and sat NaCI aq, dried (MgSO4) and concentrated. The 
residue was distilled to give 0.18g (18%) of 12, b.p. 92°/4mm 
(bath temp), nD ~ 1.4219; [a]~4--7.64 ° (C = 2.5, CHC13); ~'max 3400 
(br.m), 2960 (s), 2660 (br.m), 1710 (s), 1460 (m), 1410 (m), 1290 
(m), 1210 (m), 1110 (m), 930 (m) cm-t; ~l 0.%1.1 (9H, m), i..5-2.7 
(4H, m), 11.42 (IH, s); gic (Column, 3% SE-30, 90cm x2mm at 
86-180 ° (+10°/min); Carrier gas, N2, 0.6 kg/cm2): Rt 3.7 min (sin- 
gle peak). (Found: C, 64.31, H, 10.64. Calc. for C7H,402: C, 
64.58; H, 10.84%). As neutral fraction 0.63 g (65%) of (-)-9 was 
recovered. (R)-I2 with [a]~'5+ 13.70 (c = 1.5, CHCI3) was pre- 
pared from 100% optically pure (R)-(+)-citronellic acid 13. 

(4R*, 5 R*).4,5-Dimethyl-2-tetrahydropyranol 1$ 
(a) Racemate. DIBALH (25% in n-hexaue, 42ml) was added 

dropwise during 15 min to a stirred soln of (+)-9(3.13 g) in dry THF 
(40 ml) at -70 ~-550 under Ar. After the addition the mixture 
was stirred for 3 hr at -65 °. Then-the reaction was quenched by 
the addition of sat NH4CI aq (15ml). The cooling-bath was 
removed and the mixture was diluted with ether (200 ml). MgSO4 
was added to the mixture. Then it was filtered through Celite. 
Removal of the solvent yielded 2.93 g (92%) of (-+)-1$, Pm,~ 3360 
(s), 2940 is), 2870 (s), 1460 (m), 1370 (m), 1270 (m), 1180 (m), 1110 
(s), 1085 (m), 1045 (m) 1030 (m), 1015 (m), 990 (s), 860 (In), 840 
(m) cm -~. This was employed for the next step without further 
purification. 

(b) (4R, 5R)-lsomer. In the same manner 3.22 g of (+)-9 gave 
2.82g (86%) of (4R, 5R)-1$. 

(c) (4S, 5S)-[somer. In the same manner 4.00g of (-)-9 yielded 
3.46 g (85%) of (4S, 5S)-lS. 

Ethyl (5R*, 6R*, 2E)-7-hydroxy-2,5,6-trimethyl-2-heptenoate 16a 
(a) Racemate. Triethyl a-phosphonopropionate (10.85g) was 

added to a stirred suspension of NaOEt (3.10g) in dry DMF 
(15 ml) under Ar. The mixture was stirred for I hr at room temp. 
A soln of (-+)-15 (2.50g) in dry DMF (3 ml) was added dropwise 
to the stirred and ice-cooled soln of the sodio-phosphonate. The 
mixture was stirred overnight at room temp. Then it was diluted 
with ice-water and extracted with ether. The ether soln was 
washed with water and sat NaCI aq, dried (MgSO4) and concen- 
trated in vacuo. The residue was chromatographed over SiO2 to 
give 2.80g (68%) of (_+)-16a, v ,~  3400 (m), 2960 (s), 2860 (m), 
1710 (s), 1640 (m), 1460 (m), 1370 (at), 1280 (s), 1220 (m), 1140 (m), 
1100 (s), 1030 (s), 740 (w) cm-I; 8 0.90 (6H, d, J = 7 Hz), 1.29 (3H, 
t, J = 7 Hz), 1.81 (3H, s), 3.3-3.7 (2H, m), 4.17 (2H, q, J = 7 Hz), 
6.79 (1H, t, J = 7 Hz); glc (Column, 3% SE-30, 1.5 m × 2 mm at 
120-240 ° (+8°/min); Carrier gas, N2, 1.3 kg/cm2): Rt 5.3 min [15%, 
(Z)-isomer], 6.5 min [85%, (-+)-16a]; MS: m/z 214 (M+). 

(b) (5R, 6R, 2E)-Isomer. In the same manner 3.72g of 
(4R, 5R)-15 yielded 2.44 g (53%) of (5R, 6R, 2E)-16a. 

(c) (5S, 6S, 2E)-Isomer. In the same manner 4.55 g of (4S, 5S)-IS 
gave 2.48 g (50%) of (55', 6S, 2E)-16a. 

Ethyl (5R*, 6R*, 2E) - 7 - tetrahydropyranyloxy. 2,5,6 - trimethyl - 
2 - heptenoate 16b 

(a) Racemate. Dihydropyran (1.86g) and p-TsOH (trace 
amount) were added to a soln of (+)-16a (3.80g) in dry ether 
(60 ml). The mixture was stirred overnight. The ether soln was 
washed with dil Na2CO3 aq, water and sat NaCI aq, dried 
(MgSO4) and concentrated in vacuo to give 5.30 g (quantitative) 
of (+)-16b, Vm,x 2940 (s), 2860 (m), 1710 (s), 1645 (w), 1290 (m), 
1140 (s), 1120 (s), 1030 (s), 970 (m), 910 (m), 870 (m) cm-l; 8 0.92 
(6H, d, J = 7 Hz), 1.28 (3H, t, J = 7 Hz), 1.80 (3H, s), 4.14 (2H, q, 
J=7Hz) ,  4.50 (IH, br.s), 6.71 (IH, t, J=7Hz) .  This was 
employed for the next step without further purification. 

(b) (5R,6R,2E)-lsomer. In the same manner 2.44g of 
(5R, 6R, 2E)-16a gave 3.38 g (99%) of (5R 6R 2E)-16b. 

(c) (5S,6S,2E)-lsomer. In the same manner 2.60g of 
(5S, 6S, 2E)-16a yielded 3.47 g (96%) of (5S, 6S, 2E)-16b. 

(5R*, 6R*, 2E)-7- Tetrahydropyranyloxy-2,5,6-trimethyl-2-heptenol 
17 

(a) Racemate. A soln of AICI3 (0.89 g) in dry ether (70 ml) was 
added dropwise to a stirred and ice-cooled suspension of LAH 
(0.70g) in dry THF (20ml). After stirring for 30min at 0-5 °, a 
soln of (+)-16b (5.30g) in dry ether (20ml) was added to the 
stirred and ice-cooled soln. The stirring was continued for 2 hr at 
0-5 °. Then ether 050 ml) and water (6 ml) were carefully added 
to destroy excess A1H3. The mixture was filtered through Celite. 
The filtrate was washed with sat NaCI aq, dried (K2CO3) and 
concentrated in vacuo. The residue was chromatographed over 
neutral A1203 (Woelm, Grade II, 100g) to give 3.94g (92%) of 
(-+)-17, n[~ 1.4750, Vmax 3360 (m), 2920 (s), 2860 (s), 1450 (m), 1380 
(m), 1300 (m), 1140 (s), 1120 (s), 1080 (s), 1060 (s), 1025 (s), 970 
(m), 900 (m), 865 (m), 810 (m) cm-I; 8 0.87 (6H, d, J = 7 Hz, br.), 
1.26-2.30 (13H, m; 1.59 is)), 2.60 (IH, br.s), 2.87--4.10 (6H, br.m), 
4.55 (1H, br.s), 5.32 (IH, t, J = 7 Hz). (Found: C, 70.01; H, 11.03. 
Calc. for C,5H~O3: C, 70.27; H, 11.01%). 

(b) (5R,6R,2E)-lsomer. In the same manner 3.19g of 
(5R 6R, 2E)-16b yielded 2.14 g (78%) of (5R, 6R, 2E)-17. 

(c) (5S,6S,2E)-lsomer. In the same manner 3.47g of 
(5S, 6S, 2E)-16b gave 1.86 g (62%) of (5S, 6S, 6E)-17. 

(5R*, 6R*, 2E)-7- Tetrahydropyranyloxy-2,5,6-trimethyl-2.heptenyl 
bromide 3. 

(a) Racemate. n-BuLi (i.6 N in n-hexane, 9.35 ml) was added 
to a stirred and ice-cooled soln of (-+)-17 (3.83 g) in dry ether- 
HMPA (1:1, 40 ml). Then p-TsC1 (2.96 g) was added portionwise 
with stirring and ice-cooling. After the addition of LiBr (3.50 g), 
the cooling bath was removed and the stirring was continued 
overnight at room temp. Then the mixture was poured into water 
and extracted with ether. The ether soln was washed with water 
and sat NaCI aq, dried (MgSO4) and concentrated. The residue 
was purified by chromatography to give 2.30 g (48%) of (-+)-3, 
Vmax 2920 (S), 2850 (S), 1455 (m), 1430 (m), 1380 (m), 1270 (m), 
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(c) (3R, 4S, 6E, lOZ)-Isomer. In the same manner 206 mg of 
(3R, 4S, 6E, 10Z)-21 gave 156 mg (8096) of (3R, 4S, 6E, 10Z)-22. 

(3R*,4S*,6E, 10Z)-3, 4, 7, ll-Tetramethyi-6, lO-tridecadienai 
( Faranal) 1 

(a) Racemate. CrO3"CsHsN.HC1 (PCC, 128mg) was added 
portionwise to a stirred and ice-cooled soln of (-)-22 (100 mg) in 
dry CH2CI2 (3 ml). The mixture was stirred for 2 hr at room temp. 
After dilution with dry ether (20 ml), the mixture was filtered 
through a short column of florisil. The filtrate was concentrated 
in vacuo. The residue was chromatographed over silica gel (Mal- 
linckrodt CC-7) to give (-+)-1 (72 mg, 73%),n~ 1.4755. This was 
further purified by preparative glc (20% PEG 20M on 
chromosorb W, I m × 3 mm at 160°; Carrier gas, N2, 40 ml/min). 
The purified sample showed the following properties: Um,~ 2960 
(S), 2920 (S), 2860 (S), 2700 (W), 1730 (S), 1450 (m), 1380 (m), 1120 
(w), 1080 (w), 1020 (m) cm-t; 8 (400MHz, CtDt) 0.69 (3H, d, 
J = 7 Hz), 0.72 (3H, d, J = 7 Hz), 0.94 (3H, t, J = 7.5 Hz), 1.55 (3H, 
s), 1.69 (3H, s), 5.15 (1H, m), 5.19 (IH, m), 9.39 (IH, q, Ji = 
1.5 Hz, J2 = 2.5 Hz); gic (Column, Thermon 1000, 30 m × 0.2 mm 
at 164-200 ° (+2°/rain); Carrier gas, N2, i.0kg/cm2): Rt 8.90min 
(-90%), 9.15min (-10%); MS: m/z 250.2327 (M +, CiTHsoO= 
250.41). The NMR spectrum taken at 300 MHz was similar to that 
at 400 MHz. 

(b) (3S,4R,6E, lOZ)-lsomer. In the same manner 101 mg of 
(3S, 4R, 6E, 102)-22 gave 72.4 mg (72%) of (3S, 4R, 6E, 10Z)-I, 
[a]~ + 16.2 ° (c = 0.50, n-hexane). 

(c) (3R,4S,6E, lOZ)-Isomer. In the same manner 131 mg of 
(3R,4S,6E, lOZ)-22 gave 91 mg (70%) of (3R,4S,6E, IOZ)-I, 
[a]~ - 16.4 ° (c = 0.22, n-hexane). 
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