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Abstract—All of the possible stereoisomers of 3, 11 - dimethylnonacosan - 2 - one 1 and 29 - hydroxy - 3, 11 -
dimethylnonacosan - 2 - one 2 were synthesized from (R)«(+)- citronellic acid as the chiral source. The natural
pheromones were shown to be (35, 115) -1 and (38, 115) - 2 by direct comparisons.

From the cuticular wax of sexually mature females of
the German cockroach (Blattella germanica), Fukami et
al. isolated 3, 11-dimethylnonacosan-2-one 1 and 29 -
hydroxy - 3, 11 - dimethylnonacosan - 2 - one 2 as the
sex pheromones which, upon contact with antennae,
elicited wing-raising and direction- turning response from
the male adults at the first stage of their sequential
courtship behavior."* Both 1 and 2 were synthesized in
several ways as a mixture of all of the possible
stereoisomers."' However, no synthesis of optically
pure pheromones was reported to date except an unsuc-
cessful attempt to that goal by Rossi ef al.' We have
now completed the synthesis of all of the possible
stereoisomers of 1 and 2 in optically pure forms and
established the hitherto unknown absolute configuration
of thel;mtuml pheromones to be 35, 115 as described
below.
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tPheromone Synthesis—XXXIX. The synthesis of 3, 11 -
dimethylnonacosan - 2 - one was presented at a_ Symposium
entitled “Stereochemical Aspects of Pesticide Chemistry” in
Anaheim, Calif., U.S.A. (March, 1978) and the synthesis of 29 -
hydroxy - 3, 11 - dimethylnonacosan - 2 - one was presented at
the International Conference on Regulation of Insect Develop-
ment and Behavior in Karpacz, Poland (June 1980). Part
XXXVIIL, K. Mori, T. Ebata and M. Sakakibara, Tetrakedron 37,
709 (1981).

$Here we just would like to emphasize that the determination
of optical purities of our pheromone intermediates is based on
the NMR or chromatographic analyses of their diastercomeric
derivatives whenever possible, while Rossi entirely depends on the
comparison of [a], values. Contrary to Rossi’s claim that
(S) - trogodermal was far more active than the (R) - cnantiomer
when tested on male khapra beetles by the method of Levin-
son,” Prof. Levinson himself found that our (R) - trogodermal
was definitely more active ( X 10* ~ 10°) than the (S) - enaatiomer
by the same test on the same species.®

Synthetic plan and the starting material. The key step
in our synthesis was the coupling of a chiral tosylate A or
A’ with a chiral Grignard reagent derived from B to give
an olefin C or C' which was converted to 1 or 2 in-a
standard manner. The success of this scheme was
dependent on our ability to prepare optically pure frag-
ments A, A’ and B from readily available starting
material. (R)(+)- Citronellic acid 4a served for this
purpose. All of the stereoisomers of 1 and 2 were syn-
thesized from this single chiral source. It was prepared
from (- )-isopulegol 3 and its optical purity was esti-
mated to be ~92% by the HPLC analysis of the cor-
responding amide 4b. The two diastereomeric amides
resulting from (R){+)4a and a trace amount of the
contaminating (S)-(—)-citronellic acid were completely
separable on a Zorbax SIL column (see Experimental).'
(R)H(+)-Citronellic acid 4a of this optical purity (~92%)
was the common starting material for our syntheses of
optically active pheromones such as (3R, 4R) - 4 -
methylheptan - 3 - ol.™ (Z)-trogodermal ** (E)ro-
godermal,'¢ lO-methyldodecyI acetate'” and the pine
sawfly pheromone.'® These synthetic phcromoncs were
therefore of ~92% optical purities, since we carefully
planned the synthetic routes to retain the molecular
asymmetry of the starting material. Details of the
determination of the optical purities of this and related
compounds by hplc will be reported separately as our
reply to Rossi's criticism concerning the optical purities
of our trogodermal enantiomers.'®$

Synthesis of 3, 11 - dimethylnonacosan - 2 - one 1. The
preparation of the fragment A was carried out as follows
by the elongation of the carbon chain of citronellol 5a.
(R) - (+) - Citronellic acid 4a was reduced with LAH to
(R) - (+) - citronello] 5a.'* The corresponding tosylate
Sb was treated with Nal in acetone to give an iodide 6.
By the standard malonic ester synthesis it was converted
to a carboxylic acid 8 via a malonate 7. This was reduced
with LAH to 9a whose acetylation gave an acetate 9b.
An epoxide 10 was obtained by oxidizing 9b with m-
chloroperbenzoic acid. Oxidation of 10 with HIO, yiel-
ded an aldehyde 11. The Wittig reaction between 11 and
a phosphorane generated from n-C,sH,,P*Ph;Br™ gave
an olefinic alcohol 12, This was hydrogenated over Pd-C
to give a crystalline alcohol (R)-13a, [a]® +1.01£0.1°
{ether), which could be purified by recrystallization. The
corresponding tosylate 13b (=A) was prepared in the
conventional manner. The antipode of the above des-
cribed fragment A was prepared by lengthening the OH-
side of the starting (R)«( + )-citronellol $a, since optically
pure (S) - (—) - citronellol was not available in Japan.
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Alkylation of hexadec - 1 - yne with (R) - () - citronel-
lyl iodide 6 gave an acetylene 14. This was epoxidized to
18. Oxidation of 18 with HIO, cleaved it to give 16. LAH
reduction of 16 gave an alcohol 17a. The corresponding
tosylate 17b was converted to a nitrile 18. Alkaline
hydrolysis of 18 gave an acid 19, which was reduced with
LAH to give an alcohol 20, This was hydrogenated
(H,/Pd-C) to afford the desired alcohol (S)-13a, [a]B -
1.01+0.08° (ether), as crystals. The corresponding
tosylate (S)-13b (=antipode of A) was prepared in the
conventional manner.

The next task was the preparation of the fragment B,
the other half of the molecule. The synthesis of its
(R)-isomer started from the known epoxide 21.>' Oxida-
tion of 21 with HIO, gave an aldehyde 22. This was
reduced with LAH to give an alcohol (R)-23a. The
corresponding tosylate (R)-23b was treated with LiBr in
acetone to give a bromide (R)-24 (=B), ap —12.6° (neat,
1=1dm). The preparation of (5)-24 was more com-

plicated. The known aldo ester 25' was oxidized with
CrO, to a half ester 26. Its Ag salt was submitted to the
Hunsdiecker reaction (Br, in CCL) to give a bromo ester
27. This was reacted with o-nitroselenophenol™ to yield
a selenide 28a. The corresponding acid 28b was treated
with H,0, to effect the oxidative elimination of the
selenophenyl group yielding an olefinic acid 29. This was
reduced with LAH to give an alcohol (S)-23a. The cor-
responding tosylate (S)-23b was converted to the desired
bromide (S)-24 (=antipode of B), a3’ +13.2° (neat,
1=1dm) in the conventional manner.

The coupling of (R)-13b with the Grignard reagent
derived from (R)-24 was successfully carried out in the
presence of Li;,CuCl, in THF—cther*® The Markownikoft
hydration of the resulting olefin (3R, 11R)-30 by oxy-
mercuration-demercuration with Hg(OAc), and NaBH
gave an alcohol (3R, 11R)-31 as a waxy solid. This was
oxidized with CrO; to give (3R, 11R) - (—) - 1 after three
recrystallizations from EtOH. In the same manner,
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(5)13b and (R)-24 gave (3R, 115) - (-) - 1,(S) - 13b and
(5)-24 gave (385, 118) - (+) - 1, and (R)-13b and (S)-24
gave (35, 11R) - (+) - 1. The IR and NMR spectra of the
natural pheromone were entirely identical with those of
(3R, 11R)- and (35, 11S)-isomers. Specific rotations and
m.ps of the natural pheromone 1 and the four synthetic
stereoisomers and their mixture m.ps with natural
pheromone 1 are listed in Table 1, The natural
pheromone was identified as (35, 115)-1 by the mixture
m.p. determination showing no m.p. depression. The
specific rotation of our synthetic (35, 115)-1 was in good
agreement with that of the natural pheromone. The
bioassay of the synthetic stereoisomers was kindly car-

ried out by Prof. Fukami and Dr. Yamaoka of Kyoto
University. The natural and the synthetic four
stereoisomers showed the same range of pheromone
activity when tested on the males of German cockroach
at 50 ug/ml dose. Thus the pheromone receptor of the
male German cockroach seems to be devoid of stereos-
pecificity.

Synthesis of 29 - hydroxy - 3, 11 - dimethylnonacosan -
2 - one 2. The strategy used for the synthesis of 29 -
hydroxy - 3, 11 - dimethylnonacosan - 2 - one 2 was same
as that described above for the synthesis of 1. However,
instead of the fragment A, a compound A’ with an
w-benzyloxy group had to be employed so as to introduce

Table 1. Optical rotations and m.ps of natural and synthetic stereoisomers of 1 and their mixture m.p. with natural 1

T S Ny — npt Mrremeown
Natural +5.1°  (c=3.54)° 45-46° —_

3s, 118 +5.98° (c=0.9) 44-44.5° 44-45°

as, 11R +5.73° (c=2,04) 38-38.5° 33.5-35°

3R, ll_l_i_ -5.63° (c=4.1) 44.5-45° 35-37.5°

3R, 11§ ~5.68° (c=4.0) 39-39.5° 34.5-35.5°

*
Measured by Dr. Yamaoka of Prof.

Fukami's laboratory.



1332

the @-OH group. Both enantiomers of A’ were syn-
thesized from (R) - (+) - citronellol 5a and tetradecane -
1, 14 - diol 32a in the following manner. °
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Tetradecane - 1, 14 - diol 32a was converted into the
corresponding monobenzyl ether 32b. Its tosylate 32c
was treated with LiBr to give a bromide 33a. Halogen
exchange of 33a with Nal gave an iodide 33b. This was
used for the alkylation of an acetylene 34, derived from
(R) - (—) - citronellyi iodide 6. The alkylation product 3§
was epoxidized with m-chloroperbenzoic acid to give an
epoxide 36, whose triple bond remained intact. Oxidation
of 3¢ with HIO, gave an aldehyde 37. One-carbon elon-
gation of the aldehyde 37 was executed in the con-
ventional manner. Reduction of 37 with LAH gave an
alcohol 38a. The corresponding tosylate 38b was treated
with NaCN to give a nitrile 39. This was hydrolyzed to a
carboxylic acid 40. The (R) - alcoho! 4la, a® +0.44°
(neat, 1=1dm), was obtained by the reduction of 40
with LAH. Conventional tosylation of 41a gave the cor-
responding tosylate (R)-41b ( = fragment A’).

A simpler route was available for the synthesis (S)-
41b. The aldehyde 11 was converted to an olefin 42 by
the Wittig reaction. Addition of Br, to 42 yielded a

ment of (S)4le gave an alcohol (S)4la, aZ-041°
(neat, 1=1dm), whose tosylation yielded the desired
tosylate (S)41b (= A").

The coupling of (S)41b with the Grignard reagent
derived from (R)-24 took place smoothly to give an
enyne (3R, 115)-45. The Markownikoff hydration of 45
by oxymercuration-demercuration gave an alcohol (3R,
115)46. This was oxidized with CrO; to give a ketone
(3R, 115)47. Hydrogenation of 47 over Pd-C effected
the debenzylation and the saturation of the triple bond to
give (3R, 11R){-)2 as crystals. In the same manner
(R)41b and (R)-24 gave (3R, 118)(~)-2, (R)-41b and
(5)-24 gave (38, 118)-(+)-2 and (S)-41b and (5)-24 gave
{3S, 11R){+)-2. The spectral data of (3R, 11R)-2 and
(38, 118)-2 were in good accord with those described for
the natural pheromone. Table 2 shows specific rotations
and m.ps of the natural pheromone 2 and the four
synthetic stereoisomers and their mixture m.ps with
natural pheromone 2. In this case, too, the natural
product was identified as the (35, 11S)-isomer by the
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Table 2. Optical rotations and m.ps of natural and synthetic stereoisomers of 2 and their mixture m.p. with natural 2

compownd 2, [, (in whesane)  mp. Euremmen
Natural +7.1° (c=0,35)3 a2.5-43°" —

38, 118 46.1° (c=0.65) a1-42°" a1 - 42.5°

38, 11IR  +6.4° (c=0,55) 40-40.5°" 36 - 37°

3R, 11IR  -6.5° (c=0.38) 38-40° —

3R, 118 -6,8° (c=1.0) 39-40° -

*
Measured by Dr. Nishida of Prof, Fukami's Laboratory,

mixture m.p. determination showing no m.p. depression.
The stereochemistry at C-3 of natural 2 had previously
been assigned as § on the basis of its ORD.? The optical
rotation of the synthetic (35, 115)-2 was in accord with
that of the natural pheromone. The biological activity of
our synthetic materials will be reported in due course.

In conclusion we were able to establish unambiguously
the absolute configurations of the two German cockroach
pheromones to be 38, 115 by synthesizing all of the
possible stereoisomers.

EXPERIMENTAL

All b.ps and m.ps were uncorrected. IR spectra refer to films
and were determined on a Jasco IRA-1 spectrometer. NMR
spectra were recorded as CCl, soins at 60 MHz with TMS as an
internal standard on a Hitachi R-24A spectrometer unless
otherwise stated. Optical rotations werc measured on a Jasco
DIP4 polarimeter. GLC analyses were performed on a Yanaco G
80 gas chro hs.

R+ )-Citronellic acid 4a. (- )Isopulegol 3, the starting
material, was kindly provided by Takasago Perfumery Co., and
recrystallized three times from an equal volume of ligroin at —20°
to give fine needles of pure 3, bp. 67-69°/4mm; af -20.3°
(neat, 1= 1dm). Jones CrO; (260 ml) was added dropwise during
1hr to a stirred and ice<cooled soln of 3 (105 g) in acetone (11)
keeping the inner temp below 20°. After the addition, the mixture
was stirred for 5 min and the excess CrQ, was destroyed by the

addition of MeOH. The mixture was concentrated in zacuo,
diluted with water and extracted with ether. The ether extract
was washed with water, NaHCO, aq and NaCl ag, dried (MgSO,)
and concentrated in vacko to give 82.9 g (80%) of isopiilegone.
Dry HCI gas was bubbled through this crude isopulegone (82.9 g)
to give a chioroketone. This was added to a vigorously stirred
soln of 5% NaOH in water (21). The stirring was continued for
3 hr at room temp. Then the mixture was extracted with ether to
remove neutral substances coataining pulegone. The aq layer was
acidified with conc HC! (200 mi) and extracted with ether. The
ether extract was washed with water and NaCl aq, dried (MgSO,)
and concentrated in vacuo. The residue was distilled to give
325g (28% from 3) of da, bp. 130-134° (4mm), aZ 1.4538;
[a)F +11.7° (c = 1.58, CHCL); gic (Column, 3% SE-30, 1.5 m X
2mm id. at 140-200° ( +6°/min); Carrier gas, N,, 1.05 kg/cm?): R,
2.1 min (single peak).

Determination of the optical purity of R+ )-citronellic acid.
Ozxalyl chloride (0.32ml) was added to a soln of the above
described (R)( + )-citronellic acid (263 mg) in dry benzene (S ml).
The mixture was stirred and heated under reflux for 30 min and
then concentrated in vacuo. The residue was distilled to give
225.5mg (77%) of the acyl chloride, b.p. 60-62°/4 mm. This was
added to a soln of (RH+) - a - (1-naphthyl/cthylamine (donated
by Sumitomo Chemical Co. and 98.4% optically pure as deter-
mined by the Analytical Division, Institute of Biological Science,
Sumitomo Chemical Co., 410mg) in dry ether (15mil). Sub-
sequent work-up gave the crude amide 4b. Its diastercomeric
composition was analyzed by hplc (Shimadzu LC-2; Zorbax SIL
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column, 25cmx62mm; Solvent, n-hexane-THF (4:1),
0.2 m!/min; Pressure, 1.0-20kg/cm?; Detector, 254 nm). The
retention times of (R acid, R)4b and (S acid, R)4b were 55.5
(96%) and 60.2 (4%) min, respectively. The optical purity of da
was therefore 92%.

(R){ +)-Citronellol Sa. A soln of 4a (32.5 g) in dry ether (50 ml)
was added dropwise to a stirred and ice-cooled suspension of
LAH (8g) in dry ether (11). After the addition, the mixture was
stirred for 3hr at room temp. Then it was poured into ice-dil
HCI and ether layer was separated. The aq layer was extracted
with ether. The ether soln was washed with water, NaHCO; aq
and NaCl aq, dried (MgSO,) and concentrated in vacuo. The
residue was distilled to give 27.0 g (92%) of Sa, b.p. 92-95°/4 mm
nE 1.4536; aff +4.92° (neat, 1=1dm); vy, 3340(s), 2980(s),
2940 (s), 2880(s), 1455(m), 1390(m), 1060(m), 825 (w)cm™'; §
0.92 (3H, d, I =6Hz), ~ 1.25 (6H, m, ] =6H2), 1.58 (3H, s), 1.63
(3H, s), 1.90 (1H, m, J=6.0 Hz), 3.54 (2H, t, J = 6H2), 3.85 (1H,
s}, 5.05 (1H, t, ] = 6Hz).

(R +)-Citronellyl tosylate Sb. p-Toluenesulfonyl chloride
(41.4 g) was added portionwise to a stirred and ice-cooled soln of
Sa (26.5g) in dry pynidine (150 ml). After the addition the mix-
ture was stirred for 2 hr at 0-5°. Then it was poured into ice-dil
HCl and extracted with ether. The ether soln was washed with dil
HCl, water, NaHCO, aq and NaCl aq, dried (MgSO,), and
concentrated in vacuo to give 49g (quantitative) of crude 5b,
Vaax 2910(s), 1600 (m), 1195 (s), 1180 (s) cm™". This was employed
for the next step without further purification.

(RH-)-Citronelly! iodide 6. Sodium iodide (56.4g) was added
to a soln of $b (prepd from 29.3 g of 5a) in acetone (300 ml). The
mixture was stirred and heated under reflux for 4 hr and stirred at
room temp for 14 hr. Then it was poured into water and extracted
with ether. The ether soln was washed with water, Na,S,0; aq
and NaCl ag, dried (MgSQ,) and concentrated in vacuo. The res-
idue was distilled to give (42.5g (85%) of 6, b.p. 110-115°/12
mm, S 1.4995; o —14.34° (neat, 1 = 1dm); vuex 2960 (s),
29204(s), 2860 (s), 1450 (m), 1380 (m), 1180 (m) cm™"; 50.88 (3H, d,
J=6Hz), ~1.25 (4H, m), 1.58 (3H, s), 1.65 (3H, s), 1.97 (4H, m},
3.15(2H, t,] = 6Hz), 5.02 (1H, 1, ] = 6Hz); glc (Column, 3% SE-30,
225mx2mm at 130°; Carrier gas, N, 1.0kg/cm?) R, 3.5 min.
(Found: C, 45.03; H, 7.14. C;oH sl requires: C, 45.13; H, 7.20%).

Diethyl (R} - )-Citronellylmalonate 7. A soln of diethyl
malonate (48 g) in dry EtOH (50 ml) was added to a stirred and
ice-cooled soln of NaOEt (prepd from 7g of Na) in dry EtOH
(150 ml). To this was added a soln of 6 (67 g} in dry EtOH (50 ml).
The mixture was stirred for 1hr at 0-5° and then stirred and
heated under reflux for 4 hr. EtOH was removed in vacuo and
the residue was acidified with dil AcOH. The mixture was
extracted with ether. The ether soln was washed with water,
Na,$,0, aq, NaHCO, aq and NaCl aq, dried (MgSO,) and
concentrated in vacuo. The residue was distilled to give 58.5g
(78%) of 7, b.p. 156-161°/4mm, n 1.4481; aff ~5.02° (neat,
1=1dm); v 2990(s), 2920(s), 2860(m), 1750(s), 1740(s),
1280 (m), 1250 (m), 1190 (m), 1180 (m), 1040 (m)cm™"; 0.92 (3H,
d, J=6Hz), 1.28 (6H, t, ] = TH2), 1.61 (3H, s), 1.68 (3H, s), 3.15
(IH, t, ] =7Hz), 4.16 (4H, q, J=THz), 5.08 (IH, t, J=THa).
(Found: C, 68.32; H, 10.17. C,;H304 requires: C, 68.42; H,
10.13%).

(SH(=)-5,9 - Dimethyidec - 8 - enoic acid 8. A soln of 7 (58 g)
in 95% EtOH (100 ml) was added to KOH aq (58 g in 140 ml H,0)
and the mixture was stirred and heated under reflux for 2.5 hr. It
was concentrated in vacuo to remove EtOH. AcOH (140 ml) was
added to the residue and the resulting soln was stirred and heated
under reflux for 2 days. After cooling, the mixture was diluted
with water and extracted with ether. The ether soln was washed
with water and NaCl aq, dried (MgSQ.) and concentrated in
vacuo. The residue was distilled to give 35.5g (92%) of 8 b.p.
150-160°/S mm, nZ® 1.4563, a®-2.06° (neat, 1=1dm); vau ~
3200 (br), 2970(s), 2920 (s), 2860(s), ~2650 (br), 1710(s), ~
1280 (m), 935 cm™"; 6 0.85 (3H, d, ] = 6Hz), 1.53 (3H, s), 1.62 (3H,
s), $.00 (1H, t, J = 6Hz), 12.10 (1H, s). (Found: C, 72.68; H, 11.40.
C2H10, requires: C, 72.68; H, 11.18%).

(SH +)-5, 9-Dimethyldec-8-en-1-01 9a. A soln of 8 (35.5g) in
dry ether (200 ml) was added dropwise to a stirred and ice-cooled
suspension of LAH (10 g) in dry ether (500 ml). The mixture was
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stirred for 4 hr at room temp and then poured into ice-di! HCl.
The ether layer was separated and the aq layer was extracted
with ether. The combined ether soln was washed with water,
NaHCO, aq and NaCl aq, dried (K,CO,) and concentrated in
vacuo. The residue was distilled to give 30.4g (92%) of %2, b.p.
110-112°2.5 mm, n® 14578; aP +0.27° (neat, 1=1dm); vp,,
3300 (m), 2950 (sh), 2910 (s), 2840 (s), 1450 (m), 1380 (m), 1070 {m),
1050 (m) cm™'; 50.84 (3H, d, ] = 6Hz), 1.52 (3H, $), 1.60 (3H, s),
296 (1H, s, -OH), 3.46 (2H, br, 1), 4.9 (1H, t, ] = 6 Hz). (Found: C,
78.03; H, 13.32. C,,H,0 requires: C, 78.19; H, 13.13%).

(8)-5, 9-Dimethyldec-8-eny! acetate 9. Ac,O (60 ml) was added
to a soln of 9a (30.4g) in dry pyridine (60 ml). The mixture was
stirred at room temp for 5 hr, poured into ice-water and extracted
with ether. The ether soln was washed with water, CuSO, aq,
water and NaCl aq, dried (MgSO,) and concentrated in vacuo.
The residue was distilled to give 36.0g (96.5%) of %, b.p.
11S-118/1.5mm, a® 1.4461; v,,, 2940(s), 2890(s), 2830(s),
1730 (s), 1230 (s), 1020 (m) cm™"; 50.88 (3H, d, J = 6Hz), 1.60 (3H,
s), 1.67 (3H, s), 1.98 (3H, 5), 4.02 (2H, t, br, ] =6Hz), 5.10 (1H, ¢,
}=6Hz). (Found: C, 73.86; H, 11.73. C,,H0; requires: C, 74.28;
H, 11.58%).

(5S, 8RS) - 8,9 - Oxido - 5,9 - dimethyldecyl acetate 10.
m-Chloroperbenzoic acid (85% purity, 33 g) was added portion-
wise to a stirred and ice-cooled soln of 9% (36g) in CHC,
(400 ml). The mixture was left to stand overnight in a refrigerator
and filtered to remove precipitated m-chiorobenzoic acid. The
filter cake was washed with n-hexane. The combined filtrate and
washings were washed with Na,CO; aq and NaCl aq, dried
(MgS0,) and concentrated in vacuo. The residue was distilled to
give 34.5 g (90%) of 10, b.p. 125-130°/1.5 mm, n 5 1.4416; a § +0.31°
(neat, 1 = 1 dm); v, 2960 (s), 2930 (s), 2860 (s), 1745 (s}, 1240 (vs),
1125 (m), 1040 (s), 895 (m), 870 (m) cm™!; §0.85 (3H, d, J = 6Hz),
1.15 (3H, s), 1.20 (3H, s), 1.93 (3H, s), 2.45 (1H), 3.96 (2H, t,
] =THz). (Found: C, 69.11; H, 10.95. C,,H,0; requires: C, 69.38;
H, 10.81%).

(S)-( + )-8-Acetoxy-4-methyloctanal 11. A soln of 10 (34.5g) in
ether (100 ml) was added to a stirred and ice-cooled soln of
HIO, - 2H,0 (35g) in THF (100 ml). The mixture was stirred for
1 hr at room temp, poured into water and extracted with ether.
The ether soln was washed with water, NaHCO, aq and NaCl aq.,
dried (MgSO,) and concentrated in vacuo. The residue was
distilled to give 23.0g (81%) of 11, b.p. 115-120°/1.5mm, n}
1.4420; aF +145° (neat, 1=1dm); v 2920(s), 2860(s),
2700 (w), 1740 (s), 1720 (s), 1250 (s), 1035 (m) cm™"'; 50.85 (3H, br,
d, J=6Hz), 194 (3H, s), 3.95 (2H, t, J=THz), 9.68 (1H, t,
J=2Hz). (Found: C, 66.34; H, 10.18. C,,Hx0; requires: C, 65.97;
H, 10.07%).

(S — )-S-Methyltricos-8-en-1-01 12, A phosphorane soln was
prepared under Ar by the addition of n-BuLi (1.5 N in n-hexane,
92ml) to a stirred and ice-cooled soln of n-C\sHy P*(Br-)Ph;
(80 g) in dry THF (100 ml). The mixture was stirred for 1 hr at 20°
to give a deep red soln, This was added to a stirred and cooled
soln of 11 (23 g) in dry THF (200 ml) during 1.5 hr at ~20 to —30°
under Ar. The inner temp. was gradually raised to room temp
during 1hr and the stirring was continued for 1.5hr at room
temp. Then a soln of NaOH (30 g) in MeOH (100 ml)-H,0 (30 ml)
was added to the mixture to effect hydrolysis of acetate. The
mixture was left to stand overnight at room temp, diluted with
water and extracted with n-hexane. The extract was washed with
50% McOH (100 ml) and water, dried (MgSO,) and concentrated
in vacuo to give 65g of a crude matenial. This was chromato-
graphed over Merck Kieseigel 60 (70-230 mesh, 500g, 45x
5.5cm) in n-hexane. Elution with n-hexane removed hydro-
carbon impurities. Subsequent elution with n-hexane-cther (9:1~
4:1) gave 8.6g (22%) of pure 12, n¥ 1.4646, a® —0.90° (neat,
1=1dm); vpae 3300 (m), 3000(w), 2920(s), 2850(s), 1650 (w),
1465 (m), 1380 (m), 1050 (m), 960 (w), 720 (w)cm™'; & ~0.90 (6H,
m),~1.25 (~32H), ~2.00 (4H, m), 3.54 (2H, m), 5.30 2H, ¢,
J =5Hz). (Found: C, 81.62; H, 13.73. C5,HO requires: C, 81.74;
H, 13.72%).

(R + )-5-Methyltricosan-1-ol (R)-13a. 10% Pd-C (2g) was
added to a soln of 12 (8.6 g) in n-hexane (100 ml) and 95% EtOH
(50 ml). The mixture was shaken under Hy(1 atm) for 2 hr at room
temp. Then the catalyst was removed by filtration and washed
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with n-hexane. The combined filtrate and washings were concen-
trated in vacuo to give crystals of 13a. This was recrystallized
from n-hexane yielding 7.0 g (81%) of 13a as prisms, m.p. 47.0-
47.5°, [a]B + .01 2 0.1° (c = 4.065, ether); v, 3360(m), 2920(s),
2850(s), 1465(m), 1380(m), 1050(m), 730(m), 720(m)cm™’;
80.90 (6H, m), ~1.25 (~42H, br), 3.67 (2H, t, ] = 6H2). (Found:
C, 80.84; H, 14.37. C,,Hs,0 requires: C, 81.28; H, 14.21%).

(R)-5-Methyltricosy! tosylate (R)-13b. p-Toluenesulfonyl
chloride (2.0g) was added to a stirred and ice-cooled soln of
(R)-13a (2.5 g) in dry pyridine (20 ml). The stirring was continued
for 1 hr at 0-5° and then for 2 hr at room temp. The mixture was
poured into ice-water and extracted with ether. The ether extract
was washed with water, CuSO,aq, water and NaCl aq, dried
(MgSO0,) and concentrated in vacuo to give 3.5 g (quantitative) of
crude (R)-13b, vq,, 1600 (m), 1190 (s), 1180 (s), 1100 (m), 960 (m),
930 (s) cm™". This was employed for the next step without further
purification.

(R){(+)-2, 6-Dimethyltetracos-2-en-9-yne 14. A soln of n-BuLi
in n-hexane (1.5M, 118 ml) was added to a stirred and cooled
soln of hexadec-1-yne (32.55 g) in dry THF (150 m!) at —10° under
Ar. The stirring was continued for 30 min. Then a soln of 6 (39g)
in dry HMPA (180 ml) was gradually added to the acetylide soln
at ~10°. The cooling bath was removed after the addition and the
stirring was continued for 12 hr at room temp. The mixture was
poured into ice-water and extracted with n-hexane. The hexane
soln was washed with water and NaCl aq, dried (CaCl,) and
concentrated in vacuo. The residue was chromatographed over
Merck Kieselgel 60 (150 g) in petroleum ether. The yield of pure
14 after distillation was 34.7 g (60%), b.p. 192~196°/0.8 mm, n¥
14643; a®+2.76° (neat, 1=1dm); wn,, 2920(s), 2860(s),
1475(m), 1382(m), 1340(w), 1120(w), 1085(w), 825(w),
720(w)cm™; 50.87 (6H, m), ~1.24 (29H, br), 1.57 (3H, s),
~2.04 (4H, m), 5.02 (1H, t, ] =6Hz); glc (Column, 3% SE-30,
225mx2mm at 220°; Carrier gas, Nj, 1.0 kg/cm?) Rt 8.2 min.
(Found: C, 86.47; H, 13.69. C,sH, requires: C, 86.5%; H, 13.41%).

(S + )-4-Methyldodecos-7-yr-1-al 16. Epoxydation of 14 with
m-~chloroperbenzoic acid in the same manner as described for the
prepn of 10 yielded 15. This was cleaved with HIO, - 2H,0 in the
same manner as described for the prepn of 11 to give 16. The crude
16 was purified by SiO, chromatography to give 14.0g (63% from
14) of fairly pure 16, n3> 1.4628; a %> + 1.45° (neat, | = 1 dm); vy,
2920 (s) 2850 (s), 2700 (m), 1730(s), 1460 (m), 1380 (m), 1330 (w),
1220 (w), 1110 (vw), 1030(w), 720 (m), 670 (m)cm™"; 50.90 (6H,
m), ~1.24 (29H, br), ~2.05 (4H, m), 2.22 (2H, m), 9.65 (IH, t,
J=18Hz). (Found: C, 81.61; H, 1250. C»H,0 requires: C,
82.57; H, 12.65%). This was employed for the next step without
further purification.

(S + )-4-Methyldodecos-1-yn-1-ol 17a. A soln of 16 (14g) in
dry ether (20 ml) was added to a stirred and ice-cooled suspen-
sion of LAH (5.0 g) in dry ether (300 ml). The crude 17a obtained
by the subsequent work-up was purified by chromatography over
Merck Kieselgel 60 (150 g) in petroleum ether—ether (10:1) to give
12.7g (67.6%) of pure 172, n® 1.4644; a®+1.02° (neat, 1=
1dm); v 3310(m), 2910(s), 2850(s), 1460(m), 1435 (vw),
1380 (m), 1330 (w), 1055 (m), 890 (w), 720(w)cm™'; 80.82 (3H, t,
J=6Hz), 090 (3H, d, J = Hz), 1.24 (31 H, br), 1.75 (1H, s), 2.17
(4H, br), 3.47 2H, t, ] = 6H2); tc (Silca gel G, petroleum ether-
ether 2:1) Rf 0.63. (Found: C, 81.80; H, 13.04. C»3H, O requires:
C, 82.07; H, 13.18%).

(SH+ )-4-Methyldodecos-T-ynyl tosylate 1Tb. The alcohol 178
(13.9g) was converted into 17b in the usual manner, Vg,
1600 (w), 1190(s), 1180(s) cm™". This was employed for the next
step without further purification.

(R)A( +)-1-Cyano-5-methyldodecos-8-yne 18. NaCN (4.0 g) was
added to a soln of 17b (17.3 g) in DMSO (40 ml). The mixture was
stirred and heated at 60° for 3hr. Then it was poured into
ice-water and extracted with ether. The ether soln was washed
with water and NaCl aq, dried (MgSO,) and concentrated in
vacuo. The residue was chromatographed over Merck Kieselgel
60 (180 g, 30 % 3.5 cm) in n-hexane-ether (30:1). The yield of pure
18 was 9.2g (49%), ¥ 1.4635; a + 4.10° (neat, 1=1dm); vpas
2920 (s), 2840 (s), 2240 (w), 1460 (m), 1430 (sh), 1380 (w), 1325 (w),
720(w)cm™'; §0.92 (6H, m), ~1.25 (31H, br), 2.15 (6H, br).
(Found: C, 83.26; H, 12.77; N, 3.81. Co,,H,N requires: C, 83.41;
H, 12.54; N, 4.05%).
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(R)-(+)-Methyitricos-8-ynoic acid 19. A soln of 18 (9.2g)
and NaOH (10.6 g) in EtOH-H,0 (103 ml, 60:43, v/v) was stirred and
heated under reflux for 24 hr. After cooling, the mixture was
acidified with dil HCl-ice and extracted with ether. The ether soln
was washed with water and NaCl aq, dried (MgSO) and concen-
trated in vacwo. The residue was chromatographed over Merck
Kieselgel 60 (14 cm x 3.5 cm) in petroleum ether—ether (2: 1) to give
882 (91%) of 19, m.p. 20-21°, [a]l +4.06° (c=2.29, cther);
Pmax ~ 3200 br, 2940 (s), 2870(s), ~ 2640 (br), 1720(s), 1470(m),
1440 (m), 1420 (w), 1380(w), 1300(w), 1280(w), 1220(w),
1100 (w), 930 (m), 720 (w)cm™"; 50.90 (6H, m), ~1.30 (31H, br),
2.15 (6H, m), 11.98 (1H, s). (Found: C, 78.99; H, 12.34. C,,H, 0,
requires: C, 79.06; H, 12.16%).

(R)-5-Methyltricos-8-yn-1-0l 20. A soln of 19 (8.2 g) in dry et-
her (50 ml) was added to a stirred and ice-cooled suspension of
LAH (2.5pg) in dry ether (150ml). The mixture was stirred
overnight at room temp. A small amount of water was added
gradually to destroy the excess LAH. Then the mixture was
poured into ice-dil HCI and extracted with ether. The ether soln
was washed with water, NaHCQ, aq and NaCl aq, dried (K,CO5)
and concentrated in vacuo to give 8.0 g (quantitative) of crude 20,
Poax 3300(m), 2920(s), 2840(s), 1460(m), 1380(m), 1330(w),
1120 (w), 1070 (w), 1050 (m), 720 (w) cm™". This was employed for
the next step without further purification.

(S)(—)-5-Methyltricosan-1-0f (S)}13a. 10% Pd-C (2g) was
added to a soln of 20 (7.5g) in n-hexane (100 ml) and 95% EtOH
(50 ml) and the mixture was shaken under H. Subsequent work-
up as described for the prepn of (R)-13a gave 6.5g (87%) of
(S)13a, m.p. 47.0-47.5° [a]¥ -1.01+0.08° (c =5.37, ether);
Veux 3360(m), 2920(s), 2850(s), 1465(m), 1380(m), 1050 (m),
730 (m), 720 (m) cm™'; 50.90 (6H, m), ~1.25 (~42H, br), 3.67 (2H, t,
J =6Hz).(Found: C, 80.89; H, 13.90. C,,Hs0 requires: C, 81.28; H,
14.21%).

(RH-)4-Methyihex-5-en-1-0l (R)-23a. Oxidation of 21 with
HIO, - 2H,0 was carried out in the same manner as described for
the prepn of 11 to give the known aldehyde 22.2' A soln of 22
(4.38) in dry ether (Sml) was added to a stirred and ice-cooled
suspension of LAH (3.3 g) in dry ether (40 ml). The mixture was
stirred for 3 hr at room temp. Then the mixture was poured into
ice-dil HCI and extracted with ether. The ether soln was washed
with water, NaHCO; aq and NaCl aq, dried (MgSO,) and con-
centrated in vacuo. The residue was distilled to give 4.0 g (91.4%)
of (R)-232, b.p. 79 ~ 8125 mm, n} 1.4371; alf —15.5° (neat, 1 =
1dm); vmax 3330(s), 3080(m), 2940(s), 2860(s), 1640 (m),
1450 (m), 1420 (m), 1380 (m), 1055 (s), 995 (m), 905 (s)cm™'; 50.98
(3H, d, J=6Hz), 1.41 (4H, m), 2.10 (1H, m), 3.27 (1H, s,
-OH), 345 (2H, t, J=6H2), ~4.70-~5.10 (2H, m),~
530-~592 (IH, m); MS: mle 114 (M*); glc (Column, 3%
SE-30, 1.5mx2mm at 50°; Carrier gas, N,, 0.7kg/cm?) R,
3.7 min.

(R)}-(—)4- Methyilhex-5-enyl bromide (R)-24. p-Toluenesulfonyl
chloride (7.7g) was added to a stirred and ice-cooled soln of
(R)-23a (3.8g) in dry pyridine (25 ml). The mixture was ‘stirred
for 1.5 hr at 0-5°. Then it was poured into ice-water and extracted
with ether. The ether soln was washed with water, CuSO.,agq,
NaHCO,; aq and NaClaq, dried (MgSO,) and concentrated in
vacuo to give 8.2g (quantitative) of crude (R)-23b. This was
dissolved in acetone (100 ml). LiBr (7.2 g) was added to the soln
and the mixture was stirred and heated under reflux for 1.5hr
and then stirred overnight at room temp. It was poured into
water and extracted with ether. The ether soln was washed with
water, NaHCO, aq and NaCl aq, dried (MgSO,) and concen-
trated in vacuo. The residue was distilled to give 4.46g (75.6%
from (R)-23a) of (R)}-24, b.p. 81-84°134 mm, nf 14597; af
—12.6° (neat, 1 =1 dm); vp., 3080 (m), 2970 (s), 2940 (s), 2880 (s),
1640 (m), 1460(m), 1440(w), 1420(w), 1380(m), 1300(w),
1280 (w), 1255 (w), 1215 (m), 998 (m), 910(s)cm™"; 80.98 (3H, d,
J=6Hz), ~1.20-~2.40 (5H, m), 3.28 (2H, t, J=THy), ~
4.68 - ~5.10 (2H, m), ~5.27 -~ 5.90 (1H, m); gic (Column, 3%
SE-30, 1.5mx2mm at 50°; Carrier gas, N;, 0.7kg/cm?) R,
5.3 min. (Found: C, 46.85; H, 7.35. C;H,;Br requires: C, 47.48; H,
7.40%).

(R)( + }-4-Methylheptanedioic acid monomethyl ester 26. Jones
Cr0O; (129 ml) was added dropwise to a soln of 2§ (13.58g) in
acetone (180.1 ml) with stirring and ice-cooling. The mixture was
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stirred for 10min at room temp. Then MeOH was added to
destroy excess CrQ;. The mixture was concentrated in vacuo.
The residue was diluted with water and extracted with ether, The
ether soln was washed with water and NaCl aq, dried (MgSO.)
and concentrated in vacuo. The residue was distilled to give
10.38g (70%) of 26, b.p. 1251324 mm, n}l 1.4468; off +09°
(neat, 1 =1dm); yg., ~ 3200 (m), 2950 (s), 2870(m), ~ 2600 (m),
1740(vs), 1710(vs), 1400(m), 1280(m), 1200(s), 1080(s),
1100 (m) cm™; 30.8-1.1 (3H, br), 1.3-1.8 (5H, br), 2.1-2.5 (4H, br),
36 (3H, s), 114 (1H, s). (Found: C, 57.58; H, 8.65. C;H,:0,
requires: C, 57.43; H, 8.57%).

Methyl (S} +)-6-bromo-4-methylhexanocte 27. Ag0 (1.7g)
was added to a stirred soln of 26 (12.43g) in distilled water
(177.3 mi) contained in a flask wrapped with aluminum foil, After
stirring for 4 hr at 4(°, the crystalline Ag salt was collected on a
Buchner funnel, washed with hot MeOH and dried in vacuo at
50° over P,0s. The dried solid (15.9 g) was put into a dried flask
and the Ag salt was further dried in vacuo for 30 hr at 100-110°.
Subsequent Hunsdiecker reaction was carried out under Ar. The
Ag salt was suspended in dry CCl, (dried over P;0s and distilled,
114.1 ml). Br, (dried over P,0s, 8.6 g) was added dropwise to the
stirred and ice-cooled suspension. The mixture was stirred and
heated under reflux for { hr and filtered. The filtrate was washed
with 10% N3,CO, aq, dried (MgSO,) and concentrated in vacuo.
The residue was distilled to give 9.64g (65.4%) of 27, b.p.
97-101°%Tmm, af 14648, a®+6.6° (neat, 1=1dm); Vo
2960(m), 2930(m), 2860(m), 1745(s), 1440(m), 1270 (m),
1200 (m), 1180 (m)cm™'; 5092 (3H, distorted d, J=6Hz), ~
1.55-~2.00 (5H, m), 2.30 (2H, t, J = 6Hz), 3.40 2H, t, ] = 6Hz),
3.62 (3H, s); gic (Column, 3% SE-30, 1.5mX2mm at 108°;
Carrier gas, Ny, 1.3kgfem?®) R, 3.7 min, (Found: C, 42.83; H, 6.69.
CyH s04Br requires: C, 43.07, H, 6.78%).

Methyl (S)-6-(o-nitrophenyiseleno)-4-methylhexanoate 28a. To
a soln of o-vitrophenylseleno cyanate (9.8g) in dry EtOH
(232.4 mi), NaBH, (1.96 g) was gradually added with stirring and
ice-cooling under Ar. The mixture was stirred for 30 min to yield
a dark red soin. A soln of 27 (9.64 g) in dry EtOH (23.5 ml) was
added to this red soln and the mixture was stirred for 8 hr at
room temp. Then it was concentrated in oacuo, poured into water
and extracted with ether, The ether soln was washed with water
and NaCl aq, dried (MgSO,) and concentrated in vacuo to give
14.75 g of crude 28a, vy, 2940 {m), 1735(s), 1585 (m), 1560 (m),
1510(s), 1330(s), 1305 (s), 725 (m) cm™". This was employed for
the next step without further purification.

(S)-6-(0-Nitrophenylseieno)-4-methylhexanoic acid 28b. The
crude 28a (11 g) was mixed with 20% NaOH aq (19.2g) and
MeOH (2 ml) and the mixture was stirred and heated under reflux
for 1.5 hr. Then it was diluted with water, acidified with conc HCl
and extracted with ether. The ether soln was washed with water,
dried (MgSO,) and concentrated in vacuo to give 10.98 g of crude
28D, veur~300(m), 2970(s), 2920(s), 2860(m), 1710(s),
1590 (m), 1560 (m), 1515(s), 1335(s), 1305(s), 730(s)cm™’. This
was employed for the next step without further purification.

(SH + }-4-Methylhex-S-enoic acid 29. 35% H,0, (9.8 ml) was
added dropwise to a stirred and ice<cooled soln of 28k (10.6g) in
THF (250 mi). The stirring was continued for 30 min at 0~5° and
10 hr at room temp. Then the soln concentrated in vacwo. The
residue was diluted with water and extracted with ether. The
cther 1oln was washed with water and NaCl aq, dried (MgSO,)
and concentrated in oacuo. The residue was distilied to give
2.97g (724% from 27) of 29, b.p. 124-130°/33 mm, n%* 1.4346;
aff’ + 1442 (peat, 1 =1 dm); va.~3100{m), 2960 (s), 2930 (s),
2880 (m),~ 2680(m), 1715(s), 1645(w), 1420(m), 1285(m),
1225 (m), 995 (m), 915(s) cm™"; $1.04 (3H, d, J =6H,), 1.68 (2H,
m), 24 (2H, q, I=7THz), ~20-~26 (IH, m),~4.7-~59
(3H, m), 113 (IH, s3). (Found: C, 64.81; H, 9.48. C;H;0,
requires: C, 65.60; H, 9.44%).

(SH+)4-Methylhex-5-en-1-of (S)-23a. A soln of 20 (3.18g) in
dry ether (20 ml) was added dropwise to a suspension of LAH
(1.358) in dry ether (89.5 ml) with stirring and ice-cooling. The
mixture was stirred for 3hr at room temp. Subsequent con-
ventional work-up followed by distillation gave 2.48 g (87.6%) of
(S)-23a, bp. 76-79/18mm, af 1.4351; af+15.6° (neat, 1=
fdm}  vea 3320(s),

3085(m), 2960(s), 2940(s), 2880(s),

K. Mowi ¢ al.

1640(m), 1460(m), 1420(m), 1380(m), 1065(s), 1040(m), 1000(s),
910(s)ecm™"; 5096 (OH, d, J=6Hz), ~12-~17 (4H), ~
185~~240 (1H, m), 348 (2H t, J=6Hz), 3.55 (IH, s, -OH),
~4.2~~59(3H, m); gic (3% SE-30, 1.5 m x 2 mm at 45% Carrier
gas, Ni, 08kg/cm®: R, 5.5min; MS: mfe 114 (M*). These
spectral data are in good accord with that of (R)-23a.

(S)4-Methylhex-S-enyl tosylate (S)-23b. This was prepared in
the conventional manper to give 7.7g of (S)»23b from 3.28g of
(5)>23a and employed for the next step without further
purification.

(SH+)4-Methylhex-5-enyl bromide (S)-24. This was prepared
in the same manner as described in the prepn of (R)-24 to give
3.61 g (70.8% from (S)-23a) of (S)-24 from 7.7 g of (S)»-23%, b.p.
H-TF4T mm, nB° 1.4623; af? +13.48° (neal, 1 =1dm); veux
3090 (m), 2980 (s), 2940 (s), 2880 (m), 1645 (m), 1460 (m), 1260 (m),
1215(m), 1000{m), 915(s)cm™"; 50598 (3H, 4, J=6Hz), ~
1.20- ~2.40 (5H, m), 3.28 2H, t, ] =7 Hz), ~4.70~~5.10 2H,
m), ~5.30-~590 (1H, m); glc (Column, 3% SE-30, 1.5mx
2mm at 56° Carrier gas, N,, 0.8kg/cm? R, 5.2 min. (Found: C,
41.71; K, 7.49. C;H3Br requires: C, 47.48; H, 7.40%).

(3R, 11R)-3 11-Dimethylnonacos-1-ene (3R, 11R)-38. A Grig-
nard reagent was prepared from (R)-24 (2.1 g) and Mg (0.4 g) in
dry ether (15 ml). A soln of (R)-13b (ca 3.5 g prepd from 2.5g of
{R)-13a) in dry THF (20 ml) was added to the stirred and cooled
Grignard soln at —78° under Ar. 0.1 M~Li,CuCl, in THF (0.35 m)
was added 1o the pasty mixture. Then the temp was gradually
raised during 2 hr to room temp and the stirring was continued
for 20 hr. The mixture was poured into ice-dil H;SO, and extrac-
ted with ether. The ether soln was washed with water and NaCl
aq, dried (K,CO;) and concentrated in vacuo to give 2.9 g (94%)
of oily 3R, 11R}-30, v,,, 3080(w), 2940(s), 2860 (s), 1645 (m),
1470(m), 1380(m), 1080(m), 1000 (m), 910(m)cm~'. This was
employed for the next step without further purification,

(3R, 11R)3, 11-Dimethylnonacosan-2-ol (3R, 11R)-31. A soin
of (3R, 11R)-3 (29g) in THF (10ml) was added to a stirred
suspension of Hg (OAc), (4.1g) in THF (25 ml) and H,0 (12 mi}
and the mixture was stirred overnight at room temp yielding an
orange soln with some suspended materisls. Then NaOH aq
(1.5g NaOH in 12.5ml H,0) followed by NaBH, (0.25g) and
NaOH (1.5g) in water (12.5 ml) were added to the mixture and
the stirring was continued for 30 min. The mixture was saturated
with NaCl by adding solid NaCl and extracted with ether. The
ether soln was washed with NaCl aq, dried (K;CO,) and concen-
trated in vacuo. The residue was chromatographed over Merck
Kieselgel 60 (70-230 mesh, 50 g, 31 X 2.5 cm) in a-hexane. Elution
with n-hexane removed hydrocarbon impurities. Subsequent elu-
tion with n-hexane-cther (89:1) gave 1.2g (41% from M) of (3R,
11R)-31 as a waxy solid, m.p. 29-32°, vy, 3300 (m), 2960 (s),
2920 (s), 2850 (s), 1470 (m), 1380 (m), 1100 (m), 1065 (m), 960 {w),
930(m), 880¢(w), T20(m)cm™'. (Found: C, 81.96; H, 1452
CyHeO requires: C, 82.22; H, 14.25%).

(3R, 1R}(~)}3, 11-Dimethylnonacosan-2-one (3R, 1IR}1.
Jones CrOy (2ml) was added to a stirred soln of (3R, 11R)-31
(1.2 g) in acetone (50 ml). The mixture was left to stand for $ min
at room temp. Then MeOH was added to destroy excess CrOs.
The mixture was poured into water and extracted with ether. The
ether soln was washed with water and NaCl aq, dried (MgSO,)
and concentrated in vacuo. The residue was chromatographed
over Merck Kieselgel 60 (70~ 230mesh, 20g, 14x2.5cm) in
n-hexane. Elution with n-hexane-ether (19:1) gave 0.9 g (75%) of
(3R, 11R)-1. This was recrystallized three times from 99% EtOH
to give 600mg of needles, m. p. 44.545°, [al} ~5.63£0.1°
(c =4.101, n-hexane); v, (nujol} 1715 (vs), 1300 (w), 1280 (w),
1250(w), 1220(w), 1210(w), 1190(m), 1175(w), 1150(m), 1100(w),
1080(w), 1060(w), 1040(w), 1020(w), 950(w), 880(w),
$70(w), 730(m), 720(m)cm™"*; 5(100 MHz, CCl) 0.84 (6H, m),
1.07 3H, d, Y = THz), 1.25 (~ 48 H), 2.10 (3H, 8), ~2.40 (1H, m);
MS: mje 450 (M*). (Found: C, 82.39; H, 13.74. C3;H,0 requires:
C, 82.59; H, 13.86%).

‘@S, 11S+)3, 11-Dimethylonacosan-2-one (3§, 11S}1.
This was prepared from (5)-13b and (S)-24 in the same manner
as described for the prepn of (3R, 11R}-1. After recrystallization
from 99% EtOH, 30.5 mg of (35, 115)-1 was obtained as needles,
m.p. 44.0-44.5°; [a]¥ + 5.98 0.3 (¢ =090, n-hexane). The IR
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and NMR spectra were identical with those of (3R, 11R)-1 and
the natural pheromone. MS (70eV): mje 41.0365 (C,H,, 23.1%),
42,0434 (C;H,, 5.5%), 43.0163 (C,H;0, 54.9%), 43.0525 (C;H,,
53.3%), 53.0389 (C,H;, 4.7%), 55.0559 (CH,, 43.5%), $6.0632
(CH,, 17.6%), 57.0362 (CH,0, 5.1%), 57.0712 (C.H,, 58%).
§9.0482 (C;H,0, 4.3%), $9.0543 (C,H,0, 4.3%), 67.0559 (C;H,,
7.1%), 68.0622 (C.H,, 5.5%), 69.0707 (CsH,, 26.7%), 70.0779
(CsHyo, 14.9%), 710502 (CH,0, 6.3%), 71.0861 (C;H,;, 29.0%),
72.0572 (C H,0, 100%), 73.0616 (C H,0, 21.0%), 81.0694 (C¢H,,
9.0%), 82.0768 (CsH,o, 9.4%), 83.0859 (C(H,,, 20.0%), 84.0918
(CsHia, 5.1%), 85.0644 (CsH0, 36.5%), 85.1017 (CHys, 15.7%),
95.0846 (C,H,,, 11.4%), 96.0939 (C;H,,, 7.8%), 97.1008 (C,H);,
18.4%). 99.1130 (C,H,s, 5.5%), 109.1029 (C,H,,, 9.4%), 110.1083
(CoHio, 5.1%), 1111159 (CeHys, 9.0%), 123.1153 (CoHy5, 4.7%),
125.1323 {CoHyy, 3.9%). 127,115 (CeHys0, 4.3%), 450.4806
(C3HeO = M*, 16,1%). 451.4852 (C;,H;0, 8.6%). (Found: C,
83.17; H, 13.95. C;;Hg,0 requires: C, 82.59; H, 13.86%).

(3R, 118){=)-3, 11-Dimethyinonacosan-2-one (3R, 11S)1.
This was prepared from (S)-13b and {R)-24 in the same manner
as described for the prepn of (3R, 11R)-1. After silica gel
chromatography (Merck Kieselgel 60) and two recrystallizations
from 9% EtOH, 750 mg (23% from (S)-13a) of (3R, 115)-1 was
obtained as fine rhombic needles, m.p, 39.0-39.5% [a]} -5.68+
0.10° (c=3.99, n-hexane); ¥q,, (nujol) 1705(vs), 1305(w),
1280(w), 1270(w), 1250(w), 1210{w), 1200(w), 1190(w),
H180(w), 1140(m), 955(w), 890(w), 850(w), 730(m), 720(m) cm~";
5(100 MHz, CCL,) 0.88 (6H, m), 1.07 (3H, d, J=7Hz), 1.25
(~48H), 2.10 3H, s5), ~2.55 (1H, m). (Found: C, 82.50; H,
13.84. C3H,;0 requires: C, 82.59; H, 13.86%).

(38, UIR}{+)3, 11-Dimethyinonacosan-2-one (3S, 11R)-1.
This was prepared from (R)-13b and (5)>-24 in the same manner
as described for the prepn of (3R, 1IR)-1. After silica gel
chromatography (Merck Kieselgel 60} and recrystallization from
99% EtOH, 315mg (11.7% from (R)-13a) of (35, 11R)-1 was
obtained as needles, m.p. 38.0-38.5% [al¥ +5.73£0.15° (¢c=
2.049, n-hexane); The IR and NMR spectra were identical with
those of (3R, 1185)-1. (Found: C, 82.55; H, 1391. C;H,0
requires: C, 82.59; H, 13.86%).

Tetradecane-1, 14-diol monobenzyl ether 32b. A mixture of 32a
(42.6 ), PhCH,Cl1 (23.4g) and KOH (10.4 g) was heated at 110°
for 4 hr with stirring. Then it was poured into ice-water and the
precipitated crystals were collected on a filter. The crystals were
washed with a small amount of ether and dried in vacuo over
P04 to give 35.8g of crude 32b, v, (nujol) 3440 (s), 3400(s),
3110 (m), 3100 (m), 3050 (m), 1510 (m), 1500 (m), 1480 (s), 1460 (s},
1420 (m), 1060 (s), 750 (s), 700 (s) cm™'; MS: mle 320 (M*). This
was employed for the next step without further purification.

14-Benzyloxytetradecyl  tosylate 3%. p-Toluenesulfonyl
chioride (42.6g) was added to a soin of 32b (358g) in dry
pyridine (355 mi) with stirring and ice-cooling. The mixture was
stirred for 2hr and poured into ice-dil HCI. The precipitated
crystais were collected on a filter, washed with water, and dried
in sacuo over P,0s to give 47.6 g of the tosylate 32, m.p. 39-40°;
Veax 3050 (m), 2950(s), 2900(s), 1600(m), 1480(m), 1460 (m),
1370(s), 1195(s), 1180(s), 1105 (s), 950(s), 840(s), 815(s)cm™".
This was employed for the next step without further purification.

14-Benzyloxytetradecyl bromide 33a. A soln of 32 (47.6 g) and
LiBr (27.2g) in acetone (541 ml) was stirred and heated under
reflux for 1 hr, Then it was poured into ice-water and extracted
with ether. The ether soln was washed with water, NaHCOQ; aq
and NaCl aq, dried {CaCl,) and concentrated in vacuo to give
32.7g of crude 33a. This was purified by chromatography over
Kieselgel 60 (360g). Elution with n-hexane-ether gave 25.4p
(35.8%) of 33a, mp. 45-46°; v, 3090(w), 3050(w), 2940(s),
2870 (s), 1510 (w), 1460 (m), 1375 (m), 1110(s), 1030 (m), 740 (s),
705(s)cm™; §1.25 (24H, br. s), 3.25 (4H, m), 4.34 (2H, s), 7.10
(5H, s); MS: mie 382 (M*).

14-Benzyloxytetradecyl iodide 33b. Nal (20g) and 33a (254 )
were dissolved in acetone (240 mi) and the mixture was heated
under reflux for 24 hr. Then it was poured into ice-dil NaHCO,
aq and extracted with ether. The ether soln was washed with water,
dried (MgSO,) and concentrated in vacuo to give 22 g of crude 33b.
This was employed for the next step without further purification. Its
IR spectrum was very similar to that of 33a.
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(R +)-5; S-Dimethyldec-8-en-1-yne M. A suspension of
NaNH, in lig NH, was prepared in the usual manner from Na
(10.9¢) and liq NH, (300 ml). To this was bubbled acetylene for
3hr. After evaporation of NH,, dry DMSO (200 mi) was added,
Then 6 (37.1 g) was added dropwise to the stirred acetylide soln
at room temp. The stirring was continued for 4hr. Then solid
NH,CI was added to destroy excess NaC=CH. The mixture was
poured into ice-water and extracted with ether. The ether soin
was washed with water and sat NaCl, dried (MgS0,) and con-
centrated in vacuo. The residue was distilled to give 14.3g
(62.3%) of 34, b.p. 108-113°/43 mm, nE 1.4476; oF +3.8° (neat,
1=1dm); vmay 3340(m), 2995(s), 2960(s), 2880(s), 2140(w),
1460 (m), 1390 (m)em™"; 60.87 (3H, d, J=6H2), 1.55 (3H, s) 1.62
(3H, s), 498 (1H, t, J = 6Hz). (Found: C, 87.12; H, 12.39. C;Hx
requites: C, 87.73; H, 12.27%).

R)-1-Benzyioxy-19,23-dimethyltetracos-22-en-15-yne  35. A
soln of n-BuLi in n-hexane (1.79 N, 27.3 mi) was added dropwise
to a stirred and ice-cooled soln of 34 (8.08) in dry THF (70 ml) at
~10° under Ar. The soln was stirred for 30 min at —10°. A soln of
33b (21.0g) in dry HMPA (61.8 ml) was added to the stirred and
cooled soln of the acetylide at —10°. After the addition the
stirring was continued for 1 hr at room temp. The mixture was
poured into ice-water and extracted with n-hexane. The n-hexane
soln was washed with water and NaCl aq, dried (CaCly) and
concentrated in vacuo to give 22.8g of crude 38, vp,, 3100 (w),
3050 (w), 2960(s), 2880{s), 1465(m), 1110(m), 740(m),
705 (m) cm~': 80.90 (3H, deformed d, J =6Hz), 1.25 (~29H, br.
s), 1.55 (3H, 5), 1.65 (3H, ), ~1.8~~2.2 (6H, m), 3.35 CH, t,
J=6Hz), 4.35 (2H, s), 5.02 (1H), 7.15 (SH, s5); MS: mfe 466 (M*).
This was employed for the next step without further purification.

19(S)-1-Benzyloxy-19, 23-dimethyl-22,23-0xidotetracos-15-yne
36. m-Chioroperbenzoic acid (85% purity, 10.9g) was added por-
tionwise to a stirred and ice-cooled soin of 38 (22.8) in CHCl,
(110ml). The mixture was stirred for 2hr at room temp, and
filtered to remove m-chlorobenzoic acid. The solid was washed
with n-hexane. The combined filtrate and washings were washed
with NaHSO, aq and concentrated in vacuo. The residue was
dissolved in ether. The ether soln was washed with Na,CO, aq
and NaCl aq, dried (MgSO,) and concentrated in vacuo to give
22.7g of crude 36, whose NMR spectrum lacked signais due to
Me,C=CH and showed a signal at 82.50 (1H, t, J = 6Hz) due to
the oxido-methine proton.

(S)-22-Benzyloxy-4-methyldocos-1-ynal 37. A soln of crude 36
(22.7g) in ether (76.2ml) was added dropwise to a soln of
HIO, - 2H,0 (14.0g) in THF (75 ml) with stirring and ice-cooling.
The mixture was stirred for 1.5hr at room temp. Then it was
poured into water and the ether layer was separated. The aq
layer was extracted with ether. The ether soln was washed with
water, NaHCO; aq and NaCl aq, dried (MgSO,) and concen-
trated in vacuo to give 20.2 g of crude 37, v, 3050 (w), 3020 (w),
2900 (s), 2840 (s), 2700 (w), 1725 (m), 1455 (m), 1100 (m), 1070 (m),
740(m), 705(m)cm™'. This was employed for the next step
without further purification.

(S} + »-22-Benzyloxy4-methyldocos-7-yn-1-0l 38a. A soln of
crude 37 (20.7g) in dry ether (55 ml) was added to a stirred and
ice-cooled suspension of LAH (1.7 g) in dry ether (100 ml). The
mixture was stirred for 4 hr at room temp. Then a small amount
of water was added to the stirred and ice-cooled mixture to
destroy the excess LAH. The cther layer was separated. The
residue was acidified with ice-dil HCI and extracted with ether,
The combined ether soln was washed with water and NaCl aq,
dried (MgS0,) and concentrated in vacuo to give 16.36 g of crude
38a. This was chromatographed over Merck Kieselgel 60 (Art
7734, 160 g) in n-hexane-ether to give 9.65 g (45% from M) of 38a,
ny 14931 [a]®+2.09° (c=3.25, n-hexane); va.. 3380(m),
3050 (w), 3000 (w), 2900 (s), 2830 (s), 1450 (m), 1100 (m), 1020 (m),
730(m), 695(m) cm™*; 5085 (3H, d, J=6Hz), 1.22 (~¥H),
~1.7-~23 ($H), ~3.4 (4dH, m), 4,32 (2H, s}, 7.12 (5H, s); MS:
mje 442 (M").

(8)-22-Benzyioxy-4-methyldocos-1-ynyl  tosylate 38b. p-
Toluenesulfonyl chioride (8.3g) was added portionwise to a
stirred and ice-cooled soln of 38a (9.65g) in dry pyridine
(79.4 ml). The stirring was continued for 1.5 hr at 0-5°. Then the
mixture was poured into ice-dil HCl and extracted with ether.
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The ether soln was washed with 10% HCI, water, NaHCOsaq and
NaClaq, dried (MgSO,) and concentrated in vacuo to give 10.4g
of crude 38b, v, 2900 (s), 2840 (s), 1595 (m), 1450 (m), 1365 (s),
1190 (s), 1180(s), 1115 (m), 1095 (m), 960 (m), 915 (m), 815 (m),
740 (m) cm™".

(R)-22-Benzyloxy-4-methyldocos-7-ynyl cyanide 39. A soln of
38b (10.4g) and NaCN (1.0g) in DMSO (80 ml) was stirred and
heated at 60-65° for 16 hr. Then it was poured into ice-water and
extracted with ether. The ether soln was washed with water and
NaClagq, dried (MgSO,) and concentrated in vacuo to give 7.74g
of crude 39, vg., 2900(s), 2820 (s), 2220(w), 1450 (m), 1100 (m),
740 (m), 700 (m) cm™".

(R)-23-Benzyloxy-5-methyitricos-8-ynoic acid 4. A soln of 39
(7.74 g) and NaOH (13.7g) in EtOH (68.6 ml)-H,0 (54.8 ml) was
stirred and heated under reflux for 17 hr. After the removal of
EtOH in vacuo, the residue was acidified with ice-dil HCl and
extracted with ether. The ether soln was washed with water and
NaCl aq, dried (MgSO,) and concentrated in vacko to give 6.4g
of crude 40, vygq, ~ 3600~ ~ 2400 (m), 2910 (s), 2840 (s), 1710(s),
1460 (m), 1120 (s), 1105 (s), 740 (m), 700 (m) cm ™.

(RH + )-23-Benzyloxy-S-methyltricos-8-yn-1-01  (R)}41a. A
soln of 40 (6.4 g) in dry ether (22.5 mi) was added dropwise to a
stirred and ice-cooled suspension of LAH (1.03g) in dry ether
(78.6 ml). The stirring was continued for Shr at room temp.
Excess LAH was destroyed by the addition of a small amount of
water with stirring and ice-cooling. The ether soln was separated
and the residue was treated with ice-dil HCL. The aq soln was
extracted with ether. The combined ether soln was washed with
water, NaHCO, aq and NaCl aq, dried (MgSO,) and concen-
trated in vacuo to give 5.78 g of crude 4la. This was chromato-
graphed over Kieselgel 60 (Art 7732, S0g). Elution with n-
hexane-ether gave 4.51g (45.3% from 38a), af+0.44° (neat,
1= 1dm); vy ~ 3300(m), 2920(s), 2840(s), 1500(w), 1450 (m),
1100¢(m), 1070 (m), 1050 (m), 1030(m), 740(m), 700(m)cm™';
60.88 (3H, d, J =6Hz), 1.26 (~32H), ~1.9-~23 (~SH), ~34
(4H, m), 4.38 (2H, s), 7.16 (SH, S); MS: mfe 456 (M*).

(R)-23-Benzyloxy-5-methyltricos-8-ynyl tosylate (R)y41b. p-
Toluenesulfony! chloride (2.0 g) was added to a soln of (R)41a
(2.4g) in dry pyridine (25 ml) with stirring and ice-cooling. The
mixture was stirred at 0-5° for 2hr. Then it was poured into
ice-dil HCl and extracted with ether. The ether soln was washed
with 10% HCI, water, NaHCO,aq and NaClaq, dried (MgSO,)
and concentration in vacuo to give 2.96g of (R)}41b, v,,,
2920(s), 2840 (s), 1590 (w), 1490 (w), 1450 (m), 1360(s), 1190(s),
1180(s), 1100(m), 960(m), 930(m), 810(m), 730(m),
700(w)cm™. This was employed for the coupling reaction
without further purification.

(S}~ )-5-Methylnon-8-enyl acetate 42. A phosphorane soln
was prepated by the addition of n-BuLi in n-hexane (1.6N,
590ml) to the stimed and cooled suspension of
Ph,P(Me)Br(38.3g) in dry THF (342 ml) at —30° under Ar, The
mixture was stirred at —20° for 40 min. This phosphorane soln was
added dropwise to a soin of 11 (17.9g) in dry THF (172mi)
with stirring and cooling at —50°. The reaction temperature was
raised to ~10° during 2hr and then kept there for 1hr. The
stirring was further continued overnight at room temp. Then the
mixture was poured into ice-NH,Claq. The oranic layer was
separated and concentrated in vacuo. The residue was diluted with
n-hexane and filtered. The prevous NH,Clag was extracted with
n-hexane. The combined n-hexane soln was washed with water
and NaClaq, dried (MgSO,) and concentrated in vacuo. The
residue was purified by filtration chromatography (SiO,) and
distillation to give 9.85 g (55.6%) of 42, b.p. 101-106°/3 mm, n¥
14330; af —0.9° (neat, 1=1dm); ves, 3060(m), 2920(s),
2840 (s), 1740 (s), 1635 (m), 1240(s), 1030 (m), 990 (m), 900 (m) cm™;
5086 (3H, d, J=6Hz), ~1.1-~1.8 (~9H, m), 1.94 (3H, s),
~18-~23(2H, m), 3.95 2H, t, ] =6Hz), ~4.7-~5.2 2H, m),
~53-~58 (IH, m). (Found: C, 72.85; H, 11.01. C\;H»0,
requires: C, 72.68; H, 11.18%).

(SH(+ )9-Acetoxy-1, 2-dibromo-5-methyinonane 43. A soln of
Br; (8.0 g} in CH,Cl; (25 ml) was added dropwise to a stirred and
ice<cooled soln of 42 (9.85g) in CH,Cl; (128 ml). The soin was
stirred for 1 hr, washed with NaHSOaq and water, dried (CaCl,)
and concentrated in vacuo. The residue was distilled to give
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15.1g (85%) of 43, b.p. 134-137°/0.3 mm, nff 1.4896; aff+2.2°

(neat, 1=1dm); vp 2920(s), 2850(s), 1735(s), 1240(s),
1030 (m) cm™'; 50.95 (3H, deformed d, J =6Hz), ~1.4 (~11H,

m), 1.95 (3H, s), ~3.4-~38 (3H, m), 40 (2H, t, J=6Hz).

g%d: C, 4043; H, 6.26. C;;H,0,Br; requires: C, 40.25; H,
19%).

(S)-(+)-5-Methylnon-8-yn-1-01 44a. A soln of 43 (15.1g) in dry
ether (70 ml) was added to a stirred suspension of NaNH, (from
6.8 gof Na) in lig NH, (400 ml). The mixture was stirred for 1hr.
Then solid NHCl was added to destroy excess NaNH, and NH,
was allowed to evaporate. The residue was extracted with cther.
The ether soln was washed with water and NH,Claq, dried
(MgS0,) and concentrated in vacuo. The residue was dissolved
in MeOH (52 ml) and 10% NaOHagq (30 ml). The soln was stirred
and heated under reflux for 30 min. MeOH was removed in
vacuo. The residue was diluted with water and extracted with
ether. The ether soln was washed with water and NaClaq, dried
(MgS0,) and concentrated in vacuo. The residue was distilled to
give 4.51g (69.4%) of 44a, b.p. 85-90°/0.5 mm, aF 1.4565; aff +
0.08° (neat, 1 = 1dm); gy, 3300 (br. s), 3280 (5), 2910 (s), 2840 (5),
2110(m), 1460 (m), 1050 (m) cm~"; 50.88 (3H, d, J = 6Hz), ~1.35
(SH, br), 1.75 (1H, t, J =3Hz), 2.15(2H, dt, J, =6, ], =3 Hz), 2.30
(IH, s), 3.50 (2H, t, ] = 6Hz). (Found: C, 77.36; H, 11.71. C;H,s0
requires:; C, 77.87; H, 11.76%).

(S)-1-Tetrahydropyranyloxy-5-methyinon-8-yne 44b, Dihydro-
pyran (2.51g), 44a (3.54 ) and p-TsOH (1.1 g) were dissolved in
dry ether (170 ml). The soln was stirred overnight at room temp.
Then it was washed with water, K,CO; aq and NaCl agq, dried
(K,CO;) and concentrated in vacuo to give 5.85g of 44b, vy,
3280 (m), 2920 (s), 2840 (s), 1450 (m), 1440 {m), 1350 (m), 1200 (m),
1120 (s), 1070 (s), 1030 (s), %60 (m) cm™". This was employed for
the next step without further purification.

(S)-23-Benzyloxy-5-methyltricos-8-yn-1-0l  tetrakydropyranyl
ether (S}4lc. A soln of n-BuLi in n-hexane (1.6N, 14.4 ml) was
added dropwise to a stirred and cooled soln of 44b (5.47 g) in dry
THF (33.6 ml) at —10° under Ar. The soln was stirred for 30 min
at —10°, A soln of 33b (9.88 g) in dry HMPA (30.4 ml) was added
dropwise to the stirred and cooled soln of the acetylide. Then the
mixture was stirred for 1 hr at room temp. It was poured into
ice-dil HCI and extracted with n-hexane. The hexane soln was
washed with water and NaCl aq, dried (K;COs) and concentrated
in vacuo to give 13.2g of crude dlc, vo,, 2900(s), 2820(s),
1450(m), 1110(s), 1060(s), 1020(s), 980(m), 730(m),
690 (m)cm™'. This was employed for the next step without
further purification.

(SH(—)-23-Benzyloxy-5-methyltricos-8-yn-1-01  (s)4la. p-
Toluenesulfonic acid (1.39g) was added to a soln of (S)41c
(13.2g) in MeOH (66 ml). The soln was stirred for 2 hr at 40-50°,
MeOH was removed in vacuo. The residue was diluted with
water and extracted with ether. The ether soln was washed with
water, K,CO; aq and NaCl aq, dried (MgSO,) and concentrated
in vacuo to give 10g of crude (S)41a. This was chromato-
graphed over Merck Kieselgel 60 (Art 7734, 100 ). Etution with
n-hexane-ether gave 4.3g (41% from 44a) of pure (S)4la, n¥
1.4853; aF-041° (neat, 1=1dm); wpy,~3350(m), 2920(s),
2840 (s), 1450 (m), 1100 (m), 1070 (m), 1050 (m), 1030 (m), 740 (m),
700 (m)cm™'; 50.90 (3H, deformed d, J = 6Hz), 1.22 (~ 34H, br.
3), 2.10 (4H, br), 3.40 (4H, m), 4.34 (2H, s), 7.10 (SH, s5); MS: m/e
456 (M*). (Found: C, 80.97; H, 11.58. C;Hy;,0, requires: C,
81.52; H, 11.47%).

(S)-23-Benzyloxy-5-methyltricos-8-yny! tosylate (S)41b. p-
Toluenesuifonyl chlororide (4.18g) was added to a stirred and
ice-cooled soln of (S)-41a (5.0 g) in dry pyridine (52.1 ml). The soln
was stirred for 2 br. Thenit was poured into ice<dil HCland extracted
with ether. The ether soln was washed with 10% HCl, water,
NaHCO, aq and NaCl aq, dried (MgSO,) and concentrated in vacio
to give 5.32 gof crude (S)41b, ¥,.,, 3040 (w), 3000 (w), 2900 (s), 2840
(s), 1590 (m), 1490 (w), 1450 (m), 1360 (s), 1175 (s), 1100 (s), 925 (m),
810(m), 730 (m) cm ™. This was employed for the coupling reaction
without further purification.

(38, 11R)+)-29-Benzyloxy-3, 11-dimethylnonacos-1-en-14-yne
(3S, 11R)45. A Grignard reagent was prepared from (S)-24
(0.87 g)and Mg (0.15 g) in dry ether (5.3 ml). A solnof (R)-41b (1.5 g)
in dry THF (8.3ml) was added dropwise to the stirred



Synthesis of the German cockroach pheromone

Grignard soin at —60° under Ar. Then 0.1 M-Li,CuCl, in THF
(0.13 ml) was added. The reaction temp was gradually raised to
-20~-30° and kept there for 1 hr. Subsequently the mixture
was stirred overnight al room temp. Then it was poured into
ice-dil H,SO, and extracted with ether. The cther soln was
washed with water, NaHCO, aq and NaCl aq, dried (MgSO,) and
concentrated in vacuo. The residue was chromatographed over
Kieselgel 60 (Art 7734, 30g). Elution with n-hexane-cther gave
09g (69.2%) of (38, 11R)4S, a¥+4.5° (neat, 1=1dm); vpy,
3040 (w), 3010 (w), 2900 (s), 2840 (s), 1640 (w), 1500 (w), 1460 (m),
1450(m), 1100(m), 905(m), 735(m), 700(m)cm'; 50.90 (3H,
deformed d, J=6 Hz), 1.10 (3H, deformed d, J=6H2), 1.30
(42H, br, s), 2.10 (4H, m), 3.40 (2H, t, J =6Hz), 442 2H, s),
~4.7-~58 (3H, m), 7.25 (5H, 5); MS: mje 536 (M").

(3R, [1IR)-29-Benzyloxy-3, 11-dimethylnonacos-1-en-14-yne
(3R, 1IR)}4S. In the same manner as described above, (R)}24
(144 g) and (R)41b (2.47g) yielded (3R, 11R)4S (1.4 ¢, 64.5%),

¥ 1.4847; o -4.68° (neat, 1=1dm); vpe, 3040(w), 3010(w),
2900 (s}, 2840 (s), 1640 (w), 1500 (w}, 1450 (m), 1100 (m}, 1030 (w),
990 (w) 900 (w), 740(m), 700(m)cm™"; 50.90 (3H, d, J=6Hz),
1.02 (3H, d, ] = 6Hz), 1.25 (42H, br, 5), 2.10 (4H, m), 3.35 2H, m),
440 (2H, s), ~4.7-~58 (3H, m), 7.20 (SH, s}; MS: mjie 536
(M*).

(38, HIS) +)-29-Benzyioxy-3, 11-dimethylnonacos-1-en-14-yne
(35, 118)48. The coupling of (S)-24 {1.89g) and (S)-41b (26g)
yielded 1.83 g (80%) of (38, 115)48, 3 1.4821; aB +4.1° (neat,
1=1dm); MS: mfe 536 (M*). The IR and NMR spectra are identical
with those of (3R, 11R)4S.

(3R, 118 —)29-Benzylozy-3, 1l-dimethylnonacos-1-en-14-
yre (3R, 115)48. The coupling of (R)-24 (1 09;) and (S)—llb
(1.3 g) yielded 0.8 g (60.6%) of (3R, 115)45, n5 1.4861; o} —4.4°
{neat, | = 1.dm); MS: m/e 536 (M*). The IR and NMR spectra
were identical with those of (35, 11R)45.

(38, 11R)-29-Benzyloxy-3, |1-dimethyinonacos-14-yn-2-01 (38,
HIR)-46. A soln of (35, 11R)-45 (1.44 g) in THF (5 ml) was added
to a suspension of Hg(OAc), (1.03g) in THF (8 ml) and H,0
(3.2ml). The mixture was stirred for 3 hr at room temp. Then
12% (w/v) NaOH ag (2.7 ml) and NaBH,-NaOH aq (2.7 ml of 2
soln containing 0.9 g of NaBH, and 1.2 g of NaOH in 10 ml H,0)
were added and the mixture was stirred for 30 min at room temp.
The soln was saturated with NaCl and extracted with ether. The
cither soln was washed with NaCl aq, dried (MgSO,) and concen-
trated in vacuo. The residuc was chromatographed over Merck
Kieselge! 60 (Art 7734) to give 320 mg of (3S, 1 1R)46, ¥ouay 3380 (br.
m), 2900 (s), 2840 (s), 1450(m), 1360(m), 1100(m), 1070(m),
1020(m), 740(w)} 700(w) cm™"; MS: m/e 536 (M*-H,0).

(3R, 11R)-29-Benzyloxy-3, 1l-dimethylnonacos-14-yn-2-01
(3R, I11R)44. In the same manner as described above, (3R,
1IR)4S (1.4g) gave 750mg of (3R, 1IR)}46, v,,, 3380(m),
2900 (s), 2840 (s}, 1450 (m), 1380 (w), 1360 (w), 1100 {m), 1070 (m),
1020(m), 740 (w) 700 (W) cm*'; MS: mje 536 (M*-H,0).

(38, 118)-29-Benzyloxy-3, 11-dimethyinonacos-14-yn-2-01 (35,
11S)-46. Hydration of (35, 115)45 (1.83g) gave (35, 115)-46
(860 mg); MS: m/e 536 (M*-H,0). The IR spectrum was identical
with that of (3R, 11R)-46.

(3R, 118)-29-Benzyloxy-3, 11-dimethyinonacos-14-yn-2-01 (3R,
115)-46. Hydration of (3R, 115)45 (0.8g) gave (3R, 115)46
(650 mg); MS: mfe 536 (M*-H,0). The IR spectrum was identical
with that of (35, 11R)-46.

(3S, 11R)-29-Benzyloxy-3, 1l-dimethyinonacos-14-yn-2-one
(38, 11R)»4?. Jones CrO; (0.6 ml) was added to a soln of (35,
11R)-46 (320 mg) in acetone (14 mi) with stirring and ice-cooling.
The excess CrO; was destroyed with MeOH. The mixture was
poured into ice-water and extracted with ether. The ether soln
was washed with water and NaCl aq, dried (MgSO,) and concen-
trated in vacuo to give 320mg of crude (35, 11R)}47, vuu
3080 {w), 3030 (w), 2920 (s), 2850(s), 1710 (s), 1460 (m), 1360 (m),
1120(m), 1105 (m), 790 (m), 770 (w), 740 (w), 700 (w) cm™",

(3R, [IR)}29-Benzviozy-3, 1l-dimethyinonacos-14-yn-2-one
(IR, 1IR)}47. In the same manner as described above (3R,
11R)46 (750mg) gave (3R, 11R)47 (640 mg), vn,, 3080(w),
3030(w), 2920(s), 2850(s), 1710(s), 1460¢m), 1450(m), 1370(m),
1355(m), 1110(m), 1095(m), 1020(w), 730(m), 695(m) cm™".

(3S, 11S)-29-Benzyloxy-3, 1l-dimethylnonacos-14-yn-2-one
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(35, 11S)47. Jones oxidation of (35, 115)46 (8360 mg) gave (35
115)47 (800 mg). Its IR spectrum spectrum was identical with
that of (3R, 11R)47.

(3R, 115)-29-Benzyloxy-3, 1l-dimethylnonacos-14-yn-2-one
(3R, 115)47. Jones oxidation of (3R, 115)-46 (650 mg) gave 3R,
115)-47 (450 mg). Its IR spectrum was identical with that of (35,
11R)47.

(38, 118) + )»-29-Hydroxy-3, 11-dimethylnonacosan-2-ome (35,
118)-2. A mixture of 10% Pd-C (370 mg), (35, 11R)47 (370 mg)
and 95% EtOH (7 mil) was shaken under H; at room temp. The
product was purified by preparative tic (Kiesegel 60 Fag, 20x2x
0.2cm; CgHy = EtOAc = 5:1) and recrystallized from n-peatane
to give 130mg (104% from 48) of (35, 115)-2, mp. 4142,
[a)f+6.1£0T (c =065, n-hexane); we., 3400(s), 3360(s),
2910(s), 2840(s), 1710(s), 146D(s), 1380(s), 1360(s), 1190(m),
1180¢m), 1150(m), 1120(w), 1110(w), 1090(w), 1060(s), 1030{m),
1005(m), 985(w), 970(w), 730(s) cm™"; & (100MHz, CDCl;) 0.80
(3H, deformed d, J = 6Hz), 1.03 (3H, d, ] = THz), 1.20( ~ 48H, s),
1.60 (2H, m), 2.08 (3H, s), 2.45 (1H, sextet, J = THz), 3.56 (2H, 1,
J=6.5Hz); MS: mle 466 (M*).

(R, 118} )29-Hydroxy-3, 1l-dimethylnonacosan-2-one
(3R, 115)-2. In the same manner as described above, (3R, 1IR)-
47 (640 mg) gave (3R, 115)2 (121 mg, 10% from 45), m.p. 39-40°,
[a]? —-68+03° (c=10, n-hexane); ru. 300(s), 3360(s),
2900(s), 2840(s), 1710(s), 1460(s), 1380(s), 1360(s), 1190(m),
1170(m), 1150(m), 1110(w), 1090(w), 1060(s), 1030(m), 1005{m),
985(w), 970(w), 730(s) cm~'; & (100 MHz, CDClL) 0.80 (3H,
deformed d, J = 6Hz) 1.03 (3H, d, ] = THz), 1.22 (~ 48H, 5), ~1.60
(2H, m), 2.08 (3H, s), 245 (IH septet I=7Hz), 3.5 (2H, t,
T =6.5Hz); MS: mje 466 (M").

(3S, 1R+ )}-29-Hydroxy-3, 11-dimethylnonacosan-2-one (38,
11R)-2. Hydrogenation of (35, 115)-47 (800 mg) gave (35, 11R)-2
(T0mg, 4.32% from 45), mp. 40-40.5°; [a]B +6.4206° (c=
0.55, n-hexane); MS: mfe 466 (M*). The IR and NMR spectra
were identical with those of (3R, 115})-2.

(3R, 11RM - )-29-Hydroxy-3, 1l-dimethylnonacosan-2-one
(3R, 11R)-2. Hydrogenation of (3R, 115)-47 (450 mg) gave (3R,
11R)2 (40 mg, 5.8% from 48), m.p. 3840, [a]P - 65205 (c=
0.38, n-hexane); MS: m/e 466 (M*). Its IR and NMR spectra were
identical with those of (3§, 115)-2.
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