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Ab&xct-The four stereoisomers of 4,Bdimethyldecanal were synthesized employing organometallic or electroly- 
tic coupling reactions as the key-step. The response of the red flour beetle, Ttibolium castaneum, to the (4R, 
8R)Gomer was identical with that to the natural pheromone, while other isomers induced only very weak or no 
responses. The (4R, 8R)-isomer is therefore the natural pheromone. 

In 1980 Suzuki isolated 760 pg of the aggregation 
pheromone of the red flour beetle, Tn’bolium castaneum, 
from 240,000 male equivalents (6Q00 males x 40 days) and 
identified it as 4,8-dimethyldecanal 1 on the basis of 
physicochemical measurements followed by the syn- 
thesis of 1 as a diastereomeric mixture.1*2 This same 
compound was also found to be the 
confused flour beetle, T. P 

heromone of the 
confusum.” The pheromone 

activity of his synthetic mixture, however, was less than 
l/l0 of the natural pheromone, suggesting the importance 
of the correct stereochemistry at two chiral centers in 
l.‘-” He later synthesized (4S, SS)-1 and (4R, 8S)-1 with 
unspecified optical purity and found the latter to be far 
more active than the former.” 

In order to establish the absolute configuration of the 
natural pheromone, we decided to synthesize all of the 
four possible stereoisomers of 1. Our previous work on 
the khap:a beetle pheromone (trogodermal, U-methyl-8- 
hexadecenal) allowed us to assign (R)-configuration to its 
chiral center (C-14) with an ethyl and a methyl branch- 
ings like C-8 of l? Recently Tumlinson ef al. also assig- 
ned (R)-configuration to the chiral center (C-8, 
Me(Et)CH-) of 8-methyl-2-dodecanol propionate, the 
pheromone of the western corn rootworm? These, cou- 
pled with Suzuki’s data indicating the higher activity of 
(4R, 89-l than that of (4S, 8S)-1, made us to assume 
that the (4R, 8R)-1 might be the natural pheromone with 
the highest activity. This was supported as shown below. 

We chose (R)-( +)-citronellic acid 2 as our main start- 
ing material (Fig. 1) because of its availability in 100% 
optically pure state.’ For the synthesis of (4R, 8S)-1, 
(S)-Zmethyl- l-b t u anol was also employed as a starting 

+Pheromone Synthesis-55. Part 54, K. Mori, T. Ito, K. Tanaka, 
H. Honda and Yamamoto, Tetrahedron 39,2303 (1983). This work 
was presented by K. M. as a part of his lecture at Rattanakosin 
Bicentennial Seminar on Chemistry of Natural Products, Bang- 
kok (Aug. 1982). 

material whose optical purity was estimated to be about 
93% as reported previously. The synthetic strategy was 
to connect two chiral intermediates in the manner similar 
to our synthesis of the German cockroach pheromones 
where the Grignard coupling reaction was used for the 
connection of the chiral intermediates.’ In the present 
case, however, both organometallic and electrolytic 
coupling reactions were employed to compare their use- 
fulness. 

The synthesis of (4R, 8R)- and (4R, 8S)-4,8-dimethyl- 
decanal 1 was shown in Fig. 2. The key coupling steps 
were the aklylation of a sulfone-stabilized carbanion and 
the Grignard coupling, respectively, (R)-( + )-Citronel- 
lyl benzyl ether 3b, prepared in the usual manner from 
(R)-( + )-citronellol 3a, was converted to an allylic alco- 
hol 4 by Sharpless’ procedure?” Ozonolysis of 4 was 
followed by reductive work-up with NaBH4 to give Sa. 
The corresponding tosylate Sb yielded an iodide 6, which 
served as the right-hand half of the target molecule. A 
phenylsulfone 12 was prepared from the known ester 7.’ 
Ozonolysis of 7 yielded an aldo ester 8, which was 
submitted to the Huang Minion reduction to give an acid 
9. This was treated with I2 and Pb(OAc), under irradia- 
tion with a tungsten lamp” yielding an iodide 10. Treat- 
ment of 10 with PhSNa afforded a phenyl sulfide 11. This 
was oxidized with MCPBA to give the dksired sulfone 
12. A carbanion generated from I2 was alkylated with 6 
to give a new sulfone 13. Reduction of 13 with 
LilEtNH, gave (4R, 8R)-14a. For one-carbon elongation, 
this was converted to a nitrile (4R, 8R)-15 via the cor- 
responding tosylate 14b. Finally treatment of (4R, 8R)-15 
with DIBAL-H gave (4R, 8R)-4,8-dimethyldecanal 1, 
[c&=-7.37’ (CHCl ) 3 , in 7.2% overall yield from 3b or 
3.7% over all yield from 7. Its spectral data were in good 
accord with the published data of the natural 
pheromone.‘-2 

Coupling of the tosylate 5b with a Grignard reagent 
prepared from (S)-(-)_2-methylbutyl bromide 16” under 

Four stereoisomers (RI-(+)-Citronelk acid 

Fig. 1. Synthetic plan. 
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Fig. 2. Synthesis of (4R, 8R)- and (4R, 8S)-4,8-dimethyldecanal. 

the Schlosser condition” yielded (4R, 8S)-14~ in 70% 
yield. Hydrogenolysis of 14c with H21Pd gave an alcohol 
(4R, 8S)-Ma. The corresponding tosyIate (4R, 8S)-14b 
was converted to a nitriIe (4R, 8S)-15. This gave (4R, 
SS)-1, [a]: t 9.94’ (CHCI,), via 17 and 18 in 5.4% overall 
yield from 3b. 

For the synthesis of (4S, 8R)- and (4S, BS)-isomers of 
1, the Kolbe electrolytic coupling reaction was employed 
as the key-step (Fig, 3). The well-known Kolbe elec- 
trolysis is a simple method for the coupling of two 
carboxylic acids. 4*‘s Schtifer recently reviewed its ap- 
plication in pheromone synthesis.15 We also had used it 
for the synthesis of Vitamin E.” The mixed Kolbe 
coupling between the acids 9 and 20 was planned for the 
synthesis of (4S, 8R)-1. The required acid 20 was pre- 
pared by the ozonoiysis of (R)-( t )-homocitronellic acid 
19” followed by acetalization of the resultant aldo acid. 
A mixture of 9 and 20 (5: I molar ratio) in NaOMe- 
MeOH was electrolyzed with Pt electrode to give a 
mixture of a hydrocarbon, (4S, 8R)-21 and a bis-acetal in 
a ratio of 30: 13: 1 as revealed by GLC analysis. This was 
purified by chromatography to give crude (4S, 8R)-21. 
Hydrolysis of the acetal 21 with 35% HC104-THF yiel- 
ded (45, 8R)-1, [a]g- 9.92” (CHCI,), after purification 
by medium pressure liquid chromatography (lc) and dis- 
tillation. Atthough the yield of the purified (4S, 8R)-1 was 
only 25% from the acetal acid 20, the over-all yield of (4S, 
8R)-1 from citronellol 3a was 11% compared with 5.4% 
from 3b in the case of (4R, 8S)-1. By employing the Kolbe 
electrolysis, the synthetic sequence was shortened with 
resultant increase in the overall yield. 

The remaining isomer (4S, 8S)-1 was synthesized also 
by employing the mixed Kolbe electrolysis between the 
acids 22 and 24 as the key-step. The required acid 22 was 
prepared from (R)-( + )-citronellic acid 2 by ozonolysis 
and acetalization. Another acid 24 was prepared from 23 
by the known procedure involving ozonolysis and oxida- 
tive work-up.’ *I9 A mixture of 22 and 24 (1: 5 molar 
ratio) was electrolyzed yielding a mixture of a hydro- 
carbon, (4S, 8S)-21 and a bis-acetal in a ratio of 24 : 9 : 1 
(GLC). This was separated by chromatography to give 
crude (4S, 8S)-21. Its hydrolysis gave the final product as 
a crude oil which was purified by medium pressure lc to 
give pure (4S, 8S)-1, [a]% + 7.33’ (CHCl& in 28% overall 
yield from (R)-( + )-citronellic acid 2. In this case the 
Kolbe electrolysis proceeded in 31% yield. The high 
overall yield realized by the Kolbe routes manifests the 
merit of simplifying the synthetic design by employing 
the Kolbe electrolysis. 

In the present synthesis there was no step where 
racemization at chiral centers might take place. Our 
products should therefore be 100% optically pure in the 
case of (4R, 8R)-, (4S, 8R)- and (4S, SS)-1. In the case of 
(4R, 8S)-1, the enantiomeric purity at C-4 is IO%, while 
that at C-8 is 93% due to the use of (S)-4-methyl-l- 
butanol as the building block. 

Since no chiroptical data of the natural pheromone 
were available, we had to rely on the careful comparison 
of pheromone activity of the four stereoisomers of 1 so 
as to deduce the absolute configuration of the natural 
product. According to Dr. T. Suzuki’s bioassay, (4R, 
8R)-1 showed the same pheromone activity against the 
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Fig. 3. Synthesis of (4s. 8R)-and (4S, 8S)-4,8-dimethyldecanal. 

red Aour beetle, Tribolium castaneum, as that of the 
natural pheromone even at 1 ng/disc dose (4R, 8S)-1 was 
weakly active [I/SO- l/l00 of (4R, 8R)-11, while other 
two isomers were inactive. The weak activity shown by 
(4R, 8S)al than that of (4S, SS)-1, made us to assume 
C-8. The absolute configuration of the natural pheromone 
was therefore deduced to be (4R, 8R). Prof. H. 2. 
Levinson also reached to the same conclusion using our 
samples. These biological results will be published else- 
where in due course. 

EXPERIMENTAL 

All b.ps were uncorrected. IR spectra were determined as film 
for oils on a Jasco A-102 spectrometer. NMR spectra were 
recorded at 60 MHz in Ccl, with TMS as an internal standard on 
a Hitachi R-24A spectrometer unless otherwise stated. Optical 
rotations were measured on a Jasco DIP-140 polarimeter. GLC 
analyses were performed on a JEOL JGC-!OK or Yanaco GCG- 
550F gas chromatographs. 

(R. E)-( + )-7-Hvdroxv-3.7-dimelh~I--octunpl bcnql ether 4. 
35% HIOll (8.87 g) was added dropwise to a stirred and ice-cooled 
soln of Ph$el (28.5 g) in dry CH:CIl (300 ml). After stirring for 
30min. dry MgSO., (15.Og) was added and the mixture was 
stirred for an additional 30 min. To this was added 3b [ IS.0 g. b.p. 
123-128W.4 mm, nii 1.4958; [a]; t 2.67” (c = 3.45. n-hexane)]. 
The mixture was stirred for 20 hr at room temp. 7O?‘Z t-BuOOH 
(44.7 ml) was added dropwise to the stirred and ice-cooled mix- 
ture. The stirring was continued overnight at room temp. The 
precipitate was filtered off and the filtrate was concentrated in 
racuo. The residue was diluted with ether. The ether soln was 
washed with 5% Na?COI aq, water. lO!Z FeSO.,aq. water, sat 
NaHCO? aq. water and brine. dried (MgS04) and concentrated in 
uacuo. The residue was purified by chromatography and dis- 
tillation to,,give 13.6g (85%) of 4, b.p. 140-142O10.4 mm, nz 
1.5036; [a]ii + 3.22” (c=2.92, n-hexane): v,~, 1 lo0 (5). 740 (s). 700 
(s) cm- ; 6 0.85 (3H. d. J = 6 Hz), 1.20 (6H, s). 1.1-2.4 (5H, m). 
3.35 (2H, t. J = 6 Hz). 3.75 (1H. s, -OH), 4.33 (ZH, s). 5.25-5.55 
(2H. m), 7.11 (5H. s). (Found: C, 77.46: H. 10.13. Calc for 
C ,;HzhO?: C. 77.82; H, 9.W). 

(R)-( - t3-Merhvl- I ,5pentanediol monobenzyl ether 5s. 

NaHCOl (2,Og) was added to a soln of 4 (11.5 g) in CH+& 
MeOH (I : 1, 150 ml). 03 was bubbled into the stirred and cooled 
mixture at -70”. After checking the disappearance of 4 by TLC, 
NaB& (6.64g) was added portionwise to the stirred and cooIed 
mixture. Then the temp was gradually raised to room temp while 
the stirring was continued overnight. The mixture was concen- 
trated in cucuo. The residue was neutralized with dil HCl and 
extracted with ether. The ether extract was washed with water 
and brine, dried (MgSOs) and concentrated in LYJCUO. The residue 
was distilled to give 7.32 g (80%) of Sa, b. p. 126-W/0.3 mm, ng 
I .5042; [a]: - 4.1 I” (c = 4.21, n-hexane): Y,,, 3400 (ml, 1100 
(s), 1075 (s), 740 (s), 700 (s) cm-‘; 6 0.86 (3H, d. J = 5 Hz), l,l-1.9 
(5H. m), 2.78 (1H. s. -OH). 3.38 (2H. t. J = 6Hz). 3.44 (ZH, t. 
J = 6 Hz). 4.34 (2H. s). 7.13 (5H. s). (Found: C. 74.75: H. 9.70. 
Calc for C’lH~02: C. 74.%; H, 9.68%). 

(S)-3-Meth+1.5 -pentanediol mono?osylafe monobPnzyl ether 
5b p-T&I (5.37 g) was added to a stirred and ice-cooled soln of 
5a (2.93 g) in dry CcHrN (28 ml). The stirring was continued for 
5 hr at &Cd. The mixture was poured into ice-dil HCI and 
extracted with ether. The ether soln was washed with dil HCI. 
water, sat NaHCOJ aq and brine. dried (MgSO,,) and concen- 
trated in UQCUO to give 5.72 g of crude 5b. I+,,,, 1595 (w), 1360 (s). 
1190 (s), 1175 (s), 1095 (s). 940 (s) cm ‘. This was directly used 
for the next step. 

(S)-S-lodo-3-melhvlpenrvl hen:!1 ether 6. Nal (5.92 g) was ad- 
ded to a soln of 5b (5.72~) in dry acetone (4Oml). The mixture 
was stirred and heated under reflux for 1.5 hr and then stirred 
overnight at room temp. It was poured into ice-water and extrac- 
ted with ether. The ether soln was washed with lW& Na2S:OJ aq, 
water, sat NaHCOJ aq and brine, dried (MgS04) and concen- 
trated in cacao. The residue was purified by chromatography 
(Merck KieseIgeI 60, Art 7734, 70 g; elution with n-hexane-ether) 
to give 4.31 g (967~) of 6. vmaX I100 (s), 735 (s). 700 (s) cm-‘: S 
0.87 (3H. d. J = 5 Hz). 1.2-2.1 (5H, m). 3.08 (2H. dd. J’ = 7 Hz, 
Jz = 6 Hz), 3.35 (2H, t, J = 6 Hz), 4.32 (2H, s), 7.09 (5H, sl. This 
was employed for the next step without further purification. 

Methyl (R~lmethyl-5-oxopentanoole 8. NaHC03 (3 g) 
was added to a soln of 7 (15.6g) in CH$ZI-MeOH (1: 1, 170 ml). 
OS was bubbled into the stirred and cooled mixture at -50”. After 
checking the disappearance of 7, the excess 03 was removed by 
bubbling N:. Me:S (15 ml) was then added dropwise to the stirred 
and cooled mixture. The temp was gradually raised to room 
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temp. The stirring was continued overnight, The mixture was 
concentrated in OUCUO. The residue was diluted with water and 
extracted with ether. The ether soln was washed with water and 
brine, dried (Na2S04) and concentrated in CQCUO to give 10.9 g of 
crude 8. This was directly employed for the next step. 

(R)-( - )-3-Methylpentanoic acid. 9.80% NrH4 . H20 (17.13 g) was 
added to a soln of 8 (9.9g) in diethylene glycol (50ml) and the 
mixture was heated under reflux for 1 hr. KOH aq (15.45 g in 
15.5 ml water) was then added to the soln and it was heated 
under reflux for 2 hr. The excess NTH4 - H20 was distilled off and 
the mixture was stirred and heated at 195-200” for 2hr. After 
cooling, the mixture was diluted with water and extracted with 
C6H6 to remove neutral impurities. The aq layer 
was acidified with 6N HCI and extracted with ether. The ether 
soln was washed with water and brine, dried (MgSOd) and 
concentrated in uacuo, The resi* was distillfd to give 5.40~ 
Ly;{ ;f 9, b.p. 73 -77’15 mm, nn 1.4117, [a]~,--642”(c =4.03, 

3 ; Ymax - 3ooO (br), 1710 (s), 940 (m) cm ; S 0.61.1 (6H, 
seemingly d, J = 6 Hz), 1.1-2-O (3H, m), 2.G2.5 (2H, m), 11.80 
(IH, s). (Found: C, 62.00; H, 10.33. Calc for CbH1202: C, 62.04; 
H, 10.41%). 

(R)-( - )-2-Methyfbutyl iodide 10, Pb (OAC)~ (6.27 g) was added 
to a soln of 9 (1.2 g) in CCL (100 ml). The mixture was stirred and 
heated under reflux under Ar. 12 (2.7g) was added portionwise to 
the mixture which was kept under irradiation with a tungsten 
lamp (185 W). At the end of the reaction the red color of 12 
persisted. After cooling, the mixture was filtered and the filtrate 
was washed with 10% Na&OJ aq and sat NaHC@ aq, dried 
(MgS04) and concentrated to give 2.0 g of crude 10. An analytical 
sample of 10 was obtained by distillation, b.p. 59-60’/38 mm, n2d 
1.4930; [a]: -5.57” (neat, d? 1.53); vrnax 1190 (s) cm-‘; 6 
0.65-1.15 (6H, m), 1.15-1.7 (3H, m), 3.06 (2H, d, J = 5 Hz). 
(Found: C, 30.60: H, 5.57. Calc for C5HIiI: C, 30.32; H, 5.60%). 

(R)-( - )-bMelhyIbutyf phenyl sulfide 11. PhSH (1.34 g) was 
added to a soln of NaOEt (from 0.28 g of Na) in EtOH (25 ml) at 
room temp under Ar. The soln was further stirred at room tcmp 
for 15 min. A soln of crude 10 (2.0 g) in EtOH (5 ml) was added 
drcpwise to the stirred soln and the stirring was continued for 
3 hr at room temp. The mixture was poured into water and 
extracted with pet, ether. The extract was washed with brine, 
dried (MgSOS and concentrated in ULICUO, The residue was 
distilled to give 1.02g (55%) of 11, b.p. 92-93’11.3 mm, n: 1.5380; 
[a]: ’ - 24.9“ (c = 1.24, CHCI,); Y,,, 1590 (m), 1090 (m), 740 (s), 
690 (s) cm-‘; S 0.7-1.2 (6H, m), 1.2-1.9 (3H, m), 2.41-3.02 (2H, 
m), 6.8-7.3 (5H, m). (Found: C, 73.26; H, 8.95. Calc for CllHl&: 
C, 73.28; H, 8.94%). 

(RI-2-Methpfbutyl phenyI surfone 12. 85% MCPBA (6.Og) was 
added portionwise to a stirred and ice cooled soln of I1 (2.39 g) in 
dry CH2Cl2 (90 ml). The mixture was stirred for 2 hr at room 
temp. MCBA was filtered off, The filtrate was washed with 5% 
NaHSOJ aq, 5% NazC03 aq and brine, dried (MgS04) and con- 
centrated in VQCUO to give 2.93g of 12, vnrax 1590 (w), 1305 (s), 
1150 (s) cm-‘; 6 0.80 (3H, t, J = 7 Hz), 1.00 (3H, d, J = 6 Hz), 
1.15-1.65 (2H, m), 1.65-2.25 (lH, m), 2.5G3.15 (2H, 
m), 7.23-7.58 (3H, m), 7.5g7.92 (2H, m). This was employed for 
the next step without further purification. 

(3R, 7R)-3,7-Dimethyl-6-benzenesL(lfonylnonyl benzyl ether 13. 
A soln of n-BuLi in n-hexane (1.62 N, 9.3 ml) was added drop- 
wise to a stirred and cooled soln of 12 (2.77 g) in dry THF (30 ml) 
and dry HMPA (10 ml) at -70” under Ar. After the addition the 
mixture was stirred for 15 min at -30“. It was then cooled to 
-70”. A soln of 6 (4.15 g) in THF (10 ml) was added dropwise to 
the stirred soln. The reaction temp was gradually raised to room 
temp during 2 hr, The mixture was poured into ice-NHKl aq and 
extracted with ether. The ether soln was washed with water and 
brine, dried (MgSO,) and concentrated in uocuo to give 5.36g of 
an oil. This was chromatographed over SiO2 (100 g). Elution with 
n-hexane-ether gave 4.95g of 13, vrnax 1590 (w), 1500 (w), 1305 
(s), 1150 (s), 1100 (s), 1085 (s), 730 (s), 695 (s) cm-‘; 6 0.61.1 (9H, 
m), 1.1-1.2 (lOH, m), 2.50-2.82 (lH, m) 3.24 (2H, t, J = 6 Hz), 4.26 
(2H, s), 7.03 (SH, s), 7.2-7.45 (3H, m), 7.45-7.8 (2H, m). This was 
used for the next step without further purification. 

(3R, 7R)-( - b3,7-Dimethyl- I-nonanol (3R, 7R)-14~. Li wire 
(2.31 g) was added portionwise to stirred and cooled EtNH2 

(420 ml) at -55” under N2. The mixture was stirred for 1 hr at 
-55” to dissolve Li. A soln of (3R, 7R)-13 (4.45g) in dry THF 
(35 ml) was added dropwise to the stirred and cooled blue soln of 
Li in EtNH2 at -65 - -60”. The mixture was stirred for 45 min at 
-65”. l&Butadiene was bubbled into the soln to destroy excess 
Li. Then MeOH (50ml) and water (50ml) were added to the 
mixture. It was concentrated in UQCUO. The residue was diluted 
with water and extracted with ether. The ether soln was washed 
with water and brine, dried (MgS03 and concentrated in DOCUO. 
The residue was purified by chromatography (Si&, 25 g) and 
distillation to give 0.582 g (30%) of 14s, b.p. 88-89V4 mm, ng 
1.4375; [(XI;-4.95’ (c = 4.38, CHClj); vrnax 3350 (m), 1055(m) 

; S O.&l.05 (9H, m), 1.05-1.9 (12H, m), 2.48 (lH, s, -OH), 
iTO (2H, deformed t, J = 6Hz). (Found: C, 76.84; H, 13.92. Calc 
for CllHaO: C, 76.67; H, 14.04%). 

(3R, 7R)-3,7-Dimethylnonyl tosylote 14b. p-TsCl (1.2 g) was 
added to a stirred and ice-cooled soln of 14a (0.55 g) in dry 
CSH~N (5.5 ml). The mixture was stirred for 3 hr at O-5”. It was 
then poured into ice-dil HCl and extracted with ether. The ether 
soln was washed with dil HCl, water, sat NaHCOj aq and brine, 
dried (MgS04) and concentrated in FQCUO to give 1.5 g of crude 
la, Ymox 1600 (m), 1380 (s), 1365 (s, sh), 1190 (s), 1175 (vs), 945 
(s), 810 (s), 655 (s) cm-‘. This was directly used for the next step 
without purification. 

(4R, 8R)-4,&~methyldecanenitn’le (4R, 8R)-15. NaCN (0.4 g) 
was added to a soln of 14b (1.5 g) in DMSO (10 ml). The mixture 
was stirred overnight at 60-65”. It was then poured into water 
and extracted with ether. The ether soln was washed with water 
and brine, dried (MgSOd) and concentrated in LUCUO. The residue 
was distilled to give 0.477 g (82%) of 15, b.p. lOO-lOlo/ mm, n: 
1.4350; [a]; -5.03” (c = 3.79, CHCl& Y,,, 2250 (w) cm-‘; 6 
O.&l.05 (9H, m), 1.05-1.9 (12H, m), 2.20 (2H, 1, J = 6 Hz). (Found: 
C, 79.67; H, 12.70; N, 7.81. Calc for C12H23N: C, 79.49; H, 12.79; 
N, 7.73%). 

(4R, %R)-( -)-4,8-DimethyldecanaI (4R, 8R)-1. A soln of 
DIBAL-H in n-hexane (1.7 ml of ZS(w/v)% soln) was added to a 
stirred and cooled soln of 15 (0.274 g) in dry n-hexane (15 ml) at 
-70” under Ar. After the addition, the cooling bath was removed 
and the stirring was continued for 25 min. HCOlEt (0,24 ml) was 
added dropwise and the mixture was stirred for 1 hr at room 
temp. It was then poured into sat NHXl aq. The mixture was 
stirred for 30 min, acidified with 5% HzS04 aq (15 ml) and 
extracted with ether. The ether soln was washed with water, sat 
NaHCO, soln and brine, dried (MgSOd) and concentrated in 
tr~cuo. The residue was purified by chromatography (SiO2, 14g) 
and distillation to give 12zrtg (46%) of (4R, 8R)-1, b.p. 
65’12.5 mm, ng 1.4336; [a]n -7.37” (c = 2.04, CHClj); Vmax 

2970 (s), 2940 (s), 2875 (s), 2820 (m, sh), 2710 (m), 1730 (s), 1465 
(m), 14lj (w), 1380 (m), 1130 (w), 1020 (w), 970 (w), 765 (w), 730 
(w) cm ; S 0.6-1.0 (9H, m), l&1.9 (12H. m), 2.28 (2H, dt, 
Jr = 1.8 Hz, Jt = 6 Hz), 9.49 (lH, t, J = 1.8 Hz): GLC (Column, 3% 
SE-30, 1.5 m x 2 mm at 115”: Carrier gas. N2, 0.9 kg/cm’) Rt 
5.06 min (95%). (Found: C, 77.73; H, 13.01. Calc for Cr~H2~0: C, 
78.19; H, 13.13%). 

(3R, 7S)-( + )-3,7-Dimethylnon;vf benryl ether (3R, 7S)-14~. The 
bromide 16, b. p. 11&112”, n 0’ 1.4406; [u]; t 3.48” (neat d:* 
l-20), was prepared as described in Ref. 12 from (S)-2-methyl-l- 
butanol, [a]:-5.54’ (neat, d? 0.82). A Grignard reagent was 
prepared as usual from 16 (2.06 g) and Mg (0.33 g) in dry ether 
(10 ml). To this was added a soln of sb (3.20 g) in dry THF (15 ml) 
with stirring and cooling at -70” under Ar. A soln of LizCuCh in 
THF (0.1 M, 0.5 ml) was added dropwise to the stirred and cooled 
soln and the reaction temp was gradually raised. The stirring was 
continued overnight at room temp. The mixture was then poured 
into icedil HzS04 and extracted with ether. The ether soln was 
washed with water, sat NaHCOJ aq and brine, dried (MgS04) and 
concentrated in UUCKO. The residue was chromatographed (SiO2) 
and distilled to give 1.674 (70%) of (3R, 7S)_14c, b-p. 130- 
133”/0.5 mm, ng 1.4783; [a]; t 10.18” (c = 3.49, n-hexane ); Vmax 
1100 (s), 700 (s) cm-‘; S 0.61.05 (9H, m), 1.05-1.9 (IZH, m), 3.32 
(2H, t, J = 6 Hz), 4.30 (2H, s), 7.04 (SH, s). (Found: C, 82.86; H, 
11.42. Calc for CIeH~O: C, 82.38; H, 11.52%). 

(3R, 7S)-3,7-DimethyI-I-nonanol (3R, 7S)-14a. 5 Pd-C (l.Og) 
was added to a soln of (3R, 7S)-14e (1.60 g> in EtOH (30 ml) and 
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the mixture was shaken under Hz. At the end of the Hz uptake, 
the catalyst was filtered off. The filtrate was concentrated in- 
PLICUO to give 0.91 g of (3R, 7S)-14% umar 3350 (m), 1055 (m) 
cm-‘. This was used for the next step without further 
purification. 

(3R, 7S)-3,7-Dmethyfnonyl tosylate (3R, 7S)-14b. 
p-TsCI (1.20g) was added to a stirred and ice-cooled soIn of 
(3R. 7S)-l4a (O.!Wg) in dry CsH5N (10 ml). The mixture was stirred 
overnight at &5”. It was then poured into ice-water and extracted 
with ether, The ether soln was washed with dil HCl, water and 
brine, dried (MgS04) and concentrated in UQCUO to give 1.7 g of (3R, 
7014b, Ymax 1600 (m), 1500 (w), 1365 (s), 1190 (~1, 1180 (~1, 945 
(s) cm-‘. This was directly used for the next step. 

(4R, 8S)-( +)-4,8_Dimeth~ldecanenitrile (4R, 8S)-IS. NaCN 
(0.3 g) was added to a soln of (3R, 7Sb14b (l.6g) in DMSO 
(10 ml). The mixture was stirred overnight at Y&60”. It was then 
poured into ice-water and extracted with ether. The ether soln 
was washed with water and brine, dried (MgS04) and concen- 
trated in L’UCUO. The residue was distilled to give 0.45 g (44% 
from 14c) of (4R. 8S)_15. b.p. IOQ-103°/l.0mm, n’D2 1.4349; 
[cY]?n? + 13.6” (c = 1.12, n-hexane); Ymar 2250 (w) cm-‘; 6 0.6-1.05 
(9H, m), f.05-1.9 (12H, m), 2.21 (2H, t. J = 6Hz). (Found: C, 
79.47; H, 13.07: N, 7.67. Calc for C,~HZ$~: C. 79.49; H, 12.79; N, 
7.73%). 

(4R, 8S)-4,8-Dimethyldecanoic acid 17. NaOH aq (1.8g in 
2.5 ml) was added to a soln of (4R, 8S)-15 (0.42 g) in 95% EtOH 
(6ml). The mixture was heated under reflux for 2 days and 
concentrated in UXUO. The residue was diluted with water, 
acidified with dil HCl and extracted with ether. The ether soln 
was washed with water and brine, dried (MgSOd) and concen- 
trated in LWCUO to give 0.33 g of crude 17. v,,,~* - 3000 (m, br), 
1710 (s), 940 (w) cm-‘. 

(4R. 8S)_4,8-Dimeth)lldecanol 18. A soln of crude 17 (0.33 g) in 
dry ether (4 ml) was added to a stirred and ice-cooled suspension 
of LAH (0.2 g) in dry ether (8 ml). After the addition, the mixture 
was stirred for 1.5 hr at room temp, Subsequent work-up gave 
0.3g of an oil. This was purified by chromatography (SiOz, 9g). 
Elution with n-hexane+ther yielded 0.246g of 18. v,a, 3340 (m), 
1055 (m) cm-‘; S 0.6-1.05 (9H, m), 1.05-1.8 (14H, m). 2.48 (IH, s, 
-OH). 3.43 (2H. t. J = 6 Hz). This was employed for the final step 
without further purification. 

(4R. 8S)-4,8-Dimethyldecanal (4R, 85)-l. CrO3 (0.925 g) was 
added portionwise to a stirred and ice-cooled soln of CrH?N 
( 1.47 g) in dry CH$32 (I8 ml). The mixture was stirred for 70 min 
at room temp. To this was added a soln of 18 (0.264g) in dry 
CH2Cl: (7 ml) with stirring. The stirring was continued for 3.5 hr. 
The mixture was diluted with dry ether and filtered through a 
short column of florisil. The filtrate was concentrated in tucuo. 
The residue was chromatographed (SiO?, 27g) and distilled to 
give 0. I I g (26% from 15) of (4R, SS)-I, b.p. W/3 mm, n$ 1.4325, 
[a]: + 9.94” (c = 2.40, CHCl& Vmax 2flO (S), 340 (S), 2875 (S), 

2820 (m, sh), 2720 (m), 1735 (s), 1465 (m), 1415 (w), 1380 
(m), 1135 (w), 1020 (w), 970 (w), 765 (w), 730 (w) cm ‘: S 0.6-1.0 
(9H, m), l.bl.95 (12H, m), 2.27 (2H, dt, JI = 1.8 Hz, JZ = 6 Hz), 
9.54 (IH, t, J = 1.8 Hz); GLC (Column, 3% SE-30. I.5 m x 2 mm 
at 115”; Carrier gas, Nz, 0.92 kg/cm’) Rt 4.92 min (93%). (Found: 
C. 77.84; H, 13.14, Calc for CIZHZ~O: C, 78.19; H, 13.13%). 

(R)-7.7-Dimelhoxp-4methplheptonoic acid M. 03 was bubbled 
into a stirred and cooled soln of 19 (3.0 g) in MeOH (35 ml) for 
40 min at -60”. After confirming the disappearance of 19 by TLC, 
excess 01 was removed by bubbling NZ. Me?S (3 ml) was added 
and the temp was gradually raised to 0” during 70 min. p-TsOH 
(0.1 g) was then added and the mixture was stirred for 1 hr at 
O-S”. It was diluted with ether (ca. 3Oml). The ether soln was 
washed with NaHCOJ-NaCI aq. dried (NaZSO1) and concen- 
trated in cucuu to give 4.3 g of crude 20. This was purified by 
chromatography (SiO:, 65 g). Elution with n-hexane-ether (2: 1) 
gave 2.05 g (53%) of 20, vma, (CHCIJ) - 3ooO (m. br). 1710 (vs), 
1125 WI050 (ml, W (ml cm-‘; s(cDc13) 0.75 - 1 .o (3H), I .05 - 1.8 
(7H. ml, 2.28 (2HI, t. J = 7 Hz), 3.22 (6H, s). 4.24 (IH, t, J = 5 Hz). 
10.81 (lH, s); MS: m/t 173 (M’ -31), 172 (M’ -32). 

(4S, 8R)-4,8_Dimerhyldecanat dimethglacetal (4S, 8R)-21. A 
soln containing 9 (5.11 g), 20 (1.80 g) and NaOMe (from 0,025 g of 
Na) in MeOH (28 ml) was electrolyzed with Pt electrodes for 130 

min at 20-30” (0.8 - 1.2A, - 24V) until the final pH of the soln 
reached 8-9. The mixture was diluted with sat NaHCOl aq and 
extracted with ether.The ether soln was washed with water and 
brine, dried (KICOJ) and concentrated. The crude extract was 
analyzed by GLC (Column, 3% SE-30, 1.5 m X 2 mm at 56” + 
5”lmin; Carrier gas, N:. 0.8 kg/cm’) Rt. 4.14 min (hydrocarbon): Rt 
18.74 min (21): Rt 30.58 min (bis-acetal) = 30: 13 : 1. The crude 
extract was further concentrated in ~‘QCUO to give an oil (3.77 g). 
This was chromatographed over SiOz (15Og). Elution with n- 
hex.yne-ether gave 1.15 g of (4S, 8R)-21. Ymax 1120 (s). 105s (s) 

; 6 0.6-1.05 (9H, m), 1.05-1.8 (14H. m), 3.12 (6H, s), 4.13 
(‘1”H, t, J = 5 Hz), This was directly used for the final step. 

(4s. 8R)-( -)-4,8-DimethpldecanaI (4s. 8R)-1. A soln of 35% 
HCIO, (3.2ml) in THF (6 ml) was added to a stirred and ice- 
cooled soln of (4S, 8R)-21 (1.15 g) in THF (4 ml). The mixture 
was stirred for 30min at room temp. It was then poured into sat 
NaHCO? aq and extracted with ether. The ether soln was washed 
with water and brine. dried (Na?SO.,) and concentrated in L’QCUO 
to give 0.887 of an oil. This was purified by medium pressure lc 
(Merck Lobar column, n-hexane-ether = 30: 1). The crude (4S, 
8R)-I was distilled (b.p. 75*/l mm) to give 0.407 g (25%) of pure 
(4S, 8Rbl. n2d 1.4330: [a]:- 9.92” (c = 2.51. CHCl& GLC (5% 
PEG 20 M, 2 m x 4 mm at 115”: Carrier gas, N:. I.1 kg/cm’) Rt 
5.66 min (98%). (Found: C, 78.24: H, 13.09; Calc for CI:H140: C, 
78.19; H, 13.13%). The IR and NMR spectra were identical with 
those of (4R, 8S)-1. 

(R)-6,6-Dimeth oxy-3-melhylhexanoic acid 22. 01 was bubbled 
into the stirred and cooled soln of 2 (15 g) in MeOH (150 ml) for 
2 hr at -60 - -65”. After confirming the disappearance of 2 by 
TLC, excess 01 was removed by bubbling Nz_ Me2S (15 ml) was 
added dropwise to the stirred and cooled soln. The temp was 
gradually raised to 0”. p-TsOH (0.2 g) was added and the stirring 
was further continued for 1 hr at O-5’. The mixture was poured 
into ether (cu 700 ml). The ether soIn was washed with NaHCOI- 
NaCl aq, dried (Na:SOd) and concentrated in vucuo to give 28g 
of an oil. This was chromatographed over SiO? (280 g). Elution with 
n-hexane-ether (2: 1) gave 14.88 g (89%) of 22, Vmax (CHCI1) - 
3000 (m, br), 1710 (vs), t 125 (s), 1050 (s). 9Qo (w) cm-“; S (CDCIj) 
O.% (3H, d, J = 6 Hz), 1.1-2.05 (5H, m), 2.05-2.5 (2H, m), 
3.23 (6H, s), 4.27 (IH, t, J = 5 Hz): MS: m/z 159 (M’ -31), 158 
M’ - 32). 

Methyl (R)-2,&dimethoxy-3-mefhylhexunoufe, A portion of the 
oily 22 was esterified with CHIN? and the product was distilled to 
give the corresponding ester, b-p. 57-58”/0.3 mm. urnax 1740 (s). 
1195 (s), 1160 (s), 1135 (s), 1060 (s) cm-‘; S 0.92 (3H, d, J = 6 Hz). 
1.1-2-O (5H. m), 2.0-2.4 (2H, m), 3.15 (6H, s). 3.54 (3H, s), 4.18 
(IH, t. J = 5 Hz). (Found: C, 58.55: H, 9.73. Calc for ClaH2,,0s: C, 
58.80; H, 9.87%). 

(S)-( + )-4_Meth #I 1 exunoic acid 24. 01 was bubbled into a stir- 
red and cooled soln of 23 [9.15g, [a]: t 12.3” (c = 1.69. Et?O)] in 
acetone (I90 ml) at -60”. After checking the disappearance of 23 
by TLC, excess 01 was removed by bubbling Nz. Jones 00, 
reagent (54ml) was added dropwise with stirring and cooling at 
-6O- -65”. After the addition, the temp was gradually raised to 
0”. MeOH (10 ml) was added dropwise to the stirred and ice- 
cooled soln to destroy excess 003. The mixture was diluted with 
water and concentrated. The residue was extracted with ether. 
The ether soln was shaken thoroughly with 5% NaOH aq. The aq 
layel was separated, acidified with cone HCI and extracted with 
ether. The ether soln was washed with brine, dried (MgS04) and 
concentrated in CQCUO. The residue was distilled to give 6.64g 
(78%) of 24, b.p. 88-W/4.5 mm, ng 1.4203; [a]g 5 t 10.3” (C = 
2.14, CHCI& umax - 3ooO (m, br), 1710 (s), 940 (m) cm-‘; 6 
0.7-1.1 (6H. seemingly s. br), 1.1-2.0 (SH, m), 2.30 (2H, t, 
J = 7 Hz). 12.02 (IH, s). (Found: C, 64.17; H. 10.74. Calc for 
C,H1‘,02: C, 64.58: H, 10.84%), 

(4S, 8S)-4,8-Dime~hyldecond dimethyIucetal (4S, SS)-21. A soln 
of 22 (2.0 g), 24 (6.8 g) and NaOMe (from 0.03 g of Na) in MeOH 
(35 ml) was electrolyzed with Pt electrodes at 30” for 2 hr (1.3 - 
1.5A, - 24V) until the final pH value reached to 8-9. The mixture 
was poured into sat NaHCO? aq and extracted with ether. The 
ether soln was washed with water, NaHC03 aq and brine, dried 
(K2COs) and concentrated a little. The remaining soln was 
analyzed by GLC (Column, 3% SE-30, 1.5 m x 2 mm, 56” + 
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Wmin; Carrier gas, N~0.8 kg/cm’) Rt 9.40 min (hydrocarbon): Rt 
18.66 min (21): Rt 26.36 min (bis-acetal) = 24:9: 1. The extract 
was further concentrated in UICUO. The residue (5.43 g) was 
chromatographed over SiOz (150 g). Elution with n-hexane- 
ethy gave 1.45 PI of crude (4s. 8S)-21. prnrr 1120 (ml. 1055 (m) 

; S O.&l.05 (9H, m), 1.05-1.8 (14H, m), 3.13 (bH, s), 4.15 
yI”H, t, J = 5 Hz). This was employed for the final step without 
further purification. 

(4S, 8Sb( +)-4,8-DimethyldecanaI (4S, 8S)-1. A soln of 35% 
HCIOd (4ml) in THF (7.5 ml) was added to a stirred and ice- 
cooled soln of (4S, SS)-21 (1.45 g) in THF (5 ml). After stirring 
for 30 min at room temp, the mixture was poured into sat 
NaHCO3 soln and extracted with ether. The ether soln was 
washed with water and brine, dried (Na&04) and concentrated in 
cucuo to give 1.20 g of an oil. This was purified by medium 
pressure lc (Merck Lobar column). Elution with n-hexane+ther 
(30: 1) gave pure (4S, 83-l which was distilled to give 0.6001 g 
(317~) of oily 1, b.p. 72“/1 mm, nE1.4326; [a]? +7.33” (c = 3.42, 
CHCl3); GLC (Column, 5% PEG 20 M, 2 m x 4 mm at 115”: 
Carrier gas, N2, 1.2 kg/cm*)Rt 5.63 min (987~). (Found: C, 78.05; 
H, 13.21. Calc for C,2H2.+,0: C, 78.19; H, 13.13%). The IR and 
NMR spectra were identical with those of (4R, 8R)-1. 
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