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Mdamct-All of tk possibk stereoisomers of 3, 11 - dimctI~ylaonacosan - 2 - one 1 aad 29 - hydroxy - 3, 11 - 
dimcthylnonacosan - 2 - OIE 2 were syntksiicd from (RH+)- citronelk acid as the chiral source. The natural 
pkromoncs were shown to k (3S, 115’) - I and (35,llS) - 2 by direct comparisons. 

From the cuticular wax of sexually mature females of 
the German cockroach (Biattelfa getmanica), FuLami et 
al. isolated 3, lldimethylnonacosan-2-one 1 and 29 - 
hydroxy - 3, II - 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 6rst stage of their sequential 
courtship behavior.‘” Both 1 and 2 were synthesized in 
several ways as a mixture of all of the possible 
stereoisomers.‘-C’o However, no synthesis of optically 
pure pheromones was reported to date except an unsuc- 
cessful attempt to that goal by Rossi et (II.” 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 the natural pheromones to be 3S, 11s as described 
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tPkromoae Syntksis-XXXIX. The synthesis of 3, 11 - 
dimethylnonaWsan - 2 - oae was prcscoted at a,.Symposium 
entitkd “Stereockmical Aspects of P&icidc Chemistry” in 
&ah&n, calif., U.S.A. (March, 1978) and tk syntksis of 29 - 
hydroxy - 3,11- dimcthykonacosan - 2 - one was presented at 
the Intcmational Conference on Rqulation of Insect Develop 
wnt and Behavior in Karpacx, Poisnd (June l%tI). Part 
XXXVIII, K. Mori, T. Ebata ad M. SaLakibara. Tcrrohedn~ n, 
709 (l!Ml). 

*Here we just wouM like to emphasize that tk determination 
of optical pur&es of our phoromolle intermcdistel is baled on 
tkNMRorchroma@nphkrrrrl~oftiidiuMom& 
derivatives wknever possible, while Rossi entirely depends 00 the 
comparison of [I& vrrlues. Contrary to Rossi’s claim tkt 
(S)-troOadetmalwrsfumtmrctivetbaPtbc(R)-enratiwaer 
wkatestedonmakkkprabMksbytkwthodofLcvin- 
~08,~ Prof. L&mon himscff fwad that our (R) - tmg+mul 
wwdc6nitelymore~e(x1~-103tbnnthc(S)-~ 
bytksametutonthesamespecks.~ 

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. (RH+)- 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)-(t )4 and a trace amount of the 
contaminating ($I-(-)-citronelIic acid were completely 
separable on a Zorbax SIL column (see Experimental).” 
(R)-(+jCitronellic acid 4s of this optical purity (-92%) 
was the common starting material for our syntheses of 
opticaliy active pheromones such as (3R, 4R) - 4 - 
methylheptan - 3 - 01.” (Z)-t.rogodermal,‘s (I?)-tro- 
godermal,‘6 IO-methyldodecyl acetate” and the pine 
sawfly pheromone.** These synthetic pheromones were 
therefore of -!Z% 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- dimethyfnonacosan - 2 - one 1. The 
preparation of the fragment A was carried out as follows 
by the elongation of the carbon chain of citronellol Sa. 
(R) - ( t ) - Citronellic acid 4a was reduced with LAH to 
(R) - (t ) - citronellol SI.” The corresponding tosylate 
!Ib was treated with NaI 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 91 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 phospborane generated from n-CIJHJIP+Ph3Br- gave 
an ok6nic alcohol 12. This was hydrogenated over Pd-C 
to give a crystalline alcohol (R)-lk, [a]% t 1.01 ?O.I” 
(ether), which could be purikd by recrystallization. The 
corresponding tosylate 13b ( = A) was prepared in the 
conventional manner. The ant&de of the above des- 
crii fragment A was prepared by lengthening the OH- 
side of the start& (RH + )-citronellol SI, since optically 
pure (s) - (- ) - citronellol was not available in Japan. 
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Alkylation of hexadec - 1 - yne with (R) - ( - ) - citronel- plicated. The known aldo ester 25” was oxidized with 
lyl iodide 4 gave an acetylene 14. This was epoxidized to CrOa to a half ester 26. Its Ag salt was submitted to the 
15. Oxidation of 15 with HIO, cleaved it to give 16. LAH Hunsdiecker reaction (Brl in CCL) to give a bromo ester 
reduction of 16 gave an alcohol 178. The wrre~podi~~~ 27. This was reacted with o-nitroselenophenol’P to yield 
tosylate 17b was converted to a nitrile 18. Alkaline a selenide 2&. The corresponding acid 28b was treated 
hydrolysis of 18 gave an acid 19, which was reduced with with Hz& to effect the oxidative eli&ation of the 
LAH to give an alcohol 20. This was hydrogenated selcnophenyl group yielding an ole6nic acid 29. This was 
(HJPd-C) to tiord the desired alcohol (s)lJI, [aIf?- reduced with LAH to give an alcohol (S’)-23a. The. cor- 
1.01 +O.W (ether), as crystals. The corresponding responding tosyhte (Sj43b was converted to the desired 
tosylate (S)-13b (=antipode of A) was prepared in the bromide (Sj-24 (= antipode of B), aE’+ 13.20 (neat, 
conventional manner. 1 = 1 dm) in the conventional manner. 

The next task was the preparation of the fragment B, 
the other half of the molecule. The synthesis of its 
(Rhisomer started from the known epoxide 21.1’ Oxida- 
tion of 21 with HIO, gave an aldehyde 22. This was 
reduced with LAH to &e an alcohol (R)-UI. The 
cmrespondiag tosyhte (R)-23b was treated with LiBr in 
acetone to give a bromide (RFU (=B), abp - 12.6” (neat, 
1 = 1 dm). The preparation of (fi24 was more com- 

The coupling of (R)-13b with the Grignard reagent 
derived from (R)-24 was successfully carried out in the 
presence of Liz&C4 in THF-etheP The MarkownikoR 
hydration of the resulting ole6n (3R, llR)-38 by oxy- 
mercuration-demercuration with Hg(OAch and NaBh” 
gave an alcohol (3R, llR)-31 as a waxy solid. This was 
oxidized with CrOa to give (3R, 11R) - (-) - 1 after three 
recrystallizations from EtOH. In the same manner, 
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(S)-13b and (RW gave (3R, 11S) - (-) - 1, (S) - 13b and 
(S)-24 gave (3S, 11s) - (+) - 1, and (Rb13b and (.!+24 
gave(3S,lIR)-(t)-l.TheIRandNMRspectraofthe 
natural pheromone were entirely identical with those of 
(3R, llR)- and (3S, 1 lS)-isomers. Specilk 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 identitied as (3S, 11~1 by the mixture 
m.p. determination showing no m.p. depression. The 
specific rotation of our synthetic (3S, ll*l was in good 
agreement with that of the natural pheromone. The 
bkssay of the synthetic stereoisomers was kindly car- 

Tabk 1. 

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 SO fig/ml dose. Thus the pheromone receptor of the 
male German cockroach seems to be devoid of stereos- 
pecilkity. 

Synfkcsis of 29 - hydmxy - 3,lt- dimcchylnonocoson - 
2 - one 2. The strategy used for the synthesis of 29 - 
hydroxy - 3,11- dimethylnouacosan - 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-knzyioxy group had to be employed so as to introduce 

Compound A [a], (in fl-hexane) 
l 

m.p. Mixture m.p. with 
the natural pheromone' 

Natural +5.1O (c-3.54) 3 45-46O 

32, 11s +5.9e* (c-0.9) 44-44.5° 44-450 

32, llxj +5.73O (c-2.04) 38-38.5O 33.5-35" 

3R# 11g -5.63O (c-4.1) 44.5-450 35-37.5O 

3g, 11s -5.68O (c=4.0) 39-39.5O 34.s35.5O 

l Measured by Dr. Yamaoka of Prof. Fukarni’e laboratory. 
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the o-OH group. Both enantiomers of A’ were syn- dibromide 43. This was treated with NaNH, in liq NH, 
thesized from (R) - (+) - citroneIlol5a and tetradecane - to give an acetylene 44a. The corresponding THP ether 
1, 14 - diol32a in the following manner. ’ 44b was alkylated with 33b yielding (SJ-41c. Acid treat- 
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Tetradecane - 1, 14 - diol 32a was converted into the 
corresponding monobenzyl ether 32b. Its tosylate 32e 
was treated with LiBr to give a bromide 3?&. Halogen 
exchange of 33a with NaI gave an iodide 33b. This was 
used for the alkylation of an acetylene 34, derived from 
(R) - (- ) - citronellyi iodide 6. The alkylation product 35 
was epoxidixed with mchloroperbenzoic acid to give an 
epoxide 36, whose tripie bond remained intact. Oxidation 
of 36 with HIO, gave an aldchyde 37. One-carbon elon- 
gation of the aldehyde 37 was executed in the con- 
ventional manner. Reduction of 37 with LAH gave an 
alcohol 3&. The corresponding tosylate 38b was treated 
with NaCN to give a nitrile 39. This was hydrolyzed to a 
carboxylic acid 40. The (R) - alcohol 41a, a2 to.44 
(neat, 1= 1 dm), was obtained by the reduction of 40 
with LAH. Conventional tosylation of 41~ 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 olcfin 42 by 
the Wittig reaction. Addition of Br2 to 42 yielded a 

ment of (S)-41c gave an alcohol (S)-4la, a:: -0.41” 
(neat, 1 = 1 dm), whose tosylation yielded the desired 
tosylate (S)-Jlb ( = A’). 

The coupling of (S’j-dlb with the Grignard reagent 
derived from (R)-24 took place smoothly to give an 
enyne (3R, llQ-45 The Markownikoff hydration of 45 
by oxymercurationdemercuration gave an alcohol (3R, 
11 Q-46. This was oxidized with CrOa to give a ketone 
(3R, 1 ls)47. Hydrogenation of 47 over Pd-C effected 
the debenzylation and the saturation of the triple bond to 
give (3R, llR)-(-)-2 as crystals. In the same manner 
(R)4lb and (R)-24 gave (3R, llS)_(-)-2, (R)Slb and 
(Q-24 gave (3S, llS)-( +)-2 and (S)-41b and (S)-24 gave 
(35, llR)-(t)-2. The spectral data of (3R, llR)-2 and 
(3S, 119-2 were in gornl 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 (3S, llsisomer by the 
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Tabk 2. Optical rotations and m.ps of natural and syntktic stereoisomers of 2 ad their mixture m.p. witb natural 2 

Compound& [a], (in n-hexane) - m.p. Mixture m.~ with 
the natural pheromone* 

Natural +7.1O (c=O.35)3 42.5~43= - 

35, 11s +6.1° (c-0.65) U-42"* 41 - 42.!i0 

35, 1lR +6.4O (c-0.55) 4O-40.5= 36 - 37' 

3& 11R -6.5' (c-0.38) 30-40° - 

3IJ, 11s -6.8' (c-1.0) 39-40" - 

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

mixture m.p. determination showing no m.p. depression. 
The stereochemistry at C-3 of natural 2 had previously 
been assigned as S on the basis of its ORD.’ The optical 
rotation of the synthetic (3S, 1 lS)-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 conligurations of the two German cockroach 
pheromones to be 3S, 11s by synthesizing all of the 
possible stcrcoisomers. 

Au b.ps and m.ps wem=IR spectra refer to 6lms 
and were determined 011 a Jasco IRA-1 spcxztrometer. NMR 
spectra were recorded as CCI, soins at 60 MHz with TMS as an 
internal standard on a Hitachi R-24A spectrometer unkss 
o&wise stated. Optical rotations were meas~& on a Jasco 
DIP4 polarheter. GLL analyses were performed on a Yanaco G 
80 gas cbromatographs. 

(Rx + WhMeUc acid 4a. (- ~Isopukgol 3, the StaltiIq 
material, was kindly provided by Takasago Perfumery Co., and 
recrystaUizcd three time.3 from an equal volume of ligroin at -2V 
to give tine needles of pure 3. b.p. 67#‘/4 mm; at: -203 
(neat, I= 1 dm). JON 00, (260 ml) was added dropwise duhg 
lhrtoastirredaadicecoo~solnof3(l(Hp)inscetone(ll) 
Leepinetbeinnertempbe~w#P.Aherthtsddition,themixhrre 
was stirred for 5 min arnl the excess CK& was destroyed by the 

addition of MeOH. Tbc mixture was concentrated in wcuo. 
diluted with water sod extracted with ether. The ether extract 
was washed with water, NaHCO, a~ and NaCl aq, dried (&SO,) 
and concentrated Lr ODCYO to give 82.90 (80%) of isop&go~~. 
DryHClgaswasbubbladthrouObthiscndeisopuksone(82.9g) 
to give a chloroke~. This was added to a vigorously stirred 
so111 of 5% NaOH in water (21). The stirring was continued for 
3hratroomtemp.TbentbemixtunwaJcxtractedwitbetberto 
remove neutral subutancu con- pukgone. The aq laya WBJ 

acidifiadwithcom:HCI(#)Oml)aadex~withetber.Tbe 
ether extract was wasbed witb water sod Nail aq, dried (MgSO,) 
and coacentrated in OPCYO. The residue was dist&d to give 
32Jg (28% from 3) of Ir, b.p. 13&W (4mm). $ 1.4538; 
[al% + 117 (C = 1.58, CHCiJ); gk (Column, 3% SE-30, 1.5 q x 
2 mm i.d. at 140-200” (+ 6”lmh); Carrier gas, N1, 1.03 kghmt): R, 
2.1 mill (siugk peak). 

&tem?hation of the optical pmity of (RH + rcitnmdhc acid. 
Oxalyl chloride (0.32 ml) was added to a soln of the above 
descrii (R)-( t Mtronellic acid (263 mg) in dry benzene (5 ml). 
The mixture was stirred and heated under rcdux for Mmin and 
then concentrated in II~CUO. The residue was distilh! to give 
225.5 mg (77%) of the acyl chloride, b.p. 40-6274 mm. This was 
added to a soln of (R)-(t) - a - (1-naphthylkthylami (donated 
by Sumitomo Chemical Co. and 98.4% optically pure as detcr- 
mined by the Analytical Division+ Institute of Magical Science, 
Sumitomo Cknicai Co., 41Omg) in dry ether (15ml). Sub- 
sequent work-up gave the crude amide 4b. It.9 diitaolWk 
composition was analyzed by bpk (Shim&u LC-2; Zurbax SIL 
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column, 25 cm x 6.2 mm; Solvent, n-hexane-THF (4:1), 
0.2 mllmin; Pressure, 1.0-2.0 kg/cm’; Lktector, 2.54 run). 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 4a 
was therefore 92%. 

(R)-( + &Citron&l Sa. A soln of 4a (32.5 g) in dry ether (SO ml) 
was added dropwise to a stirred and icecooled suspension of 
LAH (8 g) in dry ether (11). After the addition, the mixture was 
stirred for 3hr at room temp. Then it was poured into icedil 
HCl and ether layer was separated. The aq layer was extracted 
with ether. The ether soln was washed with water, NaHCOs aq 
and NaCl aq, dried (MgSO,) and concentrated in DBCUO. The 
residue was distilled to give 27.0 g (92%) of 5a, b.p. 92-95”/4 mm 
ng 1.4536; a%+ 4.92" (neat, 1 = 1 dm); v,, 3340 (s), 2980(s), 
2940(s), 2880(s), 1455 (m), 1390(m), 1060(m), 825 (w) cm-‘; 6 
0.92 (3H, d, J = 6Hz). - 1.25 (6H, m, J =6Hz), 1.58 (3H, s), 1.63 
(3H, s), 1.90 (IH, m, J = 6.0Hz), 3.54 (2H. 1. J =6Ht). 3.85 (lH, 
s), 5.05 (lH, t, J = 6Hz). 

(R)-( t jCitronellyl to~ylote 5b. p-Toluenesulfonyl chloride 
(41.4 g) was added portionwise to a stirred and ice-cooled soln of 
Sa (26.5 g) in dry pyridine (150 ml). After the addition the mix- 
ture was stirred for 2 hr at t&5”. Then it was poured into icedil 
HCI and extracted with ether. The ether soln was washed with dil 
HCI, water, NaHC03 aq and NaCl aq, dried (MgSO,). and 
concentrated in uucuo to give 49g (quantitative) of crude 5b, 
u,, 2910 (s), 1600(m), 1195 (s), 1180 (s) cm-‘. This was employed 
for the next step without further purification. 

(R)-(-jCilronellyf i&tie 6. Sodium iodide (56.4g) was added 
to a soln of Sb (prepd from 29.3 g of !?a) in acetone (300 ml). The 
mixture was stirred and heated under refiux 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, Na2$03 aq 
and NaCl aq, dried (MgSO,) and concentrated in uocuo. The res- 
idue was distilled to give (42.5 g (85%) of 6, b.p. 11&115”/12 
mm, ng” 1.4995; I$’ -14.34” (neat, 1 = ldm); v,, 2960 (s), 
2920(s), 2860 (s), 1450 (m), 1380 (m), 1180 (ml cm-‘; 60.88 (3H, $ 
J = 6 Hz), -1.25 (4H, m), 1.58 (3H, s), 1.65 (3H, s), 1.97 (4H, m), 
3.15 (2H, 1, J = 6Hz), 5.02 (IH. t, J = 6Hz);glc (Column, 3% SE-30, 
2.25 m x 2 mm at 130”; Carrier gas, NZ, l.Okg/cm*) & 3.5 min. 
(Found: C, 45.03; H, 7.14. Cl&IlpI requires: C, 45.13; H, 7.20%). 

DieUzyl (RH-)_Cirro~~ylmolonofe 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 1 hr at O-5” and then stirred and 
heated under reflux for 4 hr. EtOH was removed in uucuo and 
the residue was acid&d with dil AcOH. The mixture was 
extracted with ether. The ether soln was washed with water, 
Na2$0, aq, NaHCOJ aq and NaCl aq, dried (MgSO,) and 
concentrated in oacuo. The residue was distilled to give 58.5g 
(78%) of 7, b.p. 156161”/4mm, nb 1.4481; a:-5.02’ (neat, 
l=ldm); v,, 2990 (s), 2920(s), 2860(m), 1750(s), 1740(s), 
1280(m), 1250(m), 1190(m), 1180(m), 104O(m)cm-‘; So.92 (3H, 
d, J = 6Hz), 1.28 (6H, 1, J = 7Hz), 1.61 (JH, s), 1.68 (3H, s), 3.15 
(lH, 1, J=7Hz). 4.16 (4H, q, J=7Hz), 5.08 (IH, t, J=7Hz). 
(Found: C, 68.32; H, 10.17. C17H3004 requires: C, 68.42; H, 
10.13%). 

(S)-( - )-5,9 - Dimethyldec - 8 - moic acid 8. A soln of 7 (58 g) 
in 95% EtOH (100 ml) was added to KOH aq (58 g in 140 ml H20) 
and the mixture was stirred and heated under reflux for 2.5 hr. It 
was concentrated in uacuo 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 (MgSO,) and concentrated in 
uacuo. The residue was distilled to give 35.5g (92%) of 8 b.p. 
15&160”/5 mm, nb 1.4563, a%-2.OfY (neat, 1 = 1 dm); v,,- 
3200 (br), 2970(s), 2920(s), 2&U(s), -2650 (br), 1710(s). - 
1280 (m), 935 cm-‘; 6 0.85 (3H, d, J = 6Hz), 1.53 (3H, s), 1.62 (3H, 
s). 5.00 (lH, t, J = 6Hz). 12.10 (lH, s). (Found: C, 72.68; H, 11.40. 
CL2HZ202 requires: C, 72.68; H, 11.18%). 

(S)-( t )_5, 9-Dimethylde&m-l-o1 9a. A soln of 8 (35.5g) in 
dry ether (MO ml) was added dropwise to a stirred and ice-cooled 
suspension of LAH (10 g) in dry ether (500 ml). The mixture was 

stirred for 4 hr at room temp and then poured into icedil HCI. 
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 (K2C03) and concentrated in 
uucuo. The residue was distilled to give 30.4g (92%) of h. b.p. 
llO-112”/2.5mm. nE 1.4578; a%t0.2P (neat, 1 =ldm); V, 
3300(m). 2950 (sh), 2910 (s), 2840 (s), 1450 (m), 1380(m), 1070(m), 
105O(m)cm-‘; SO.84 (3H, d. J = 6Hz), 1.52 (3H, s), 1.60 (3H, s), 
2.%(1H,s,-OH),3.46(2H,br,t),4.99(1H,t,J=6Hz).(Found:C, 
78.03; H, 13.32. C12H210 requires: C, 78.19; H, 13.13%). 

(Sl-5,9-lXme?hyldec-%enyI acetate 9b. AqO (60 ml) was added 
to a soln of 9a (30.4~) in dry pyridine (6Oml). 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 uucuo. 
The residue was distilled to give 36.Og (%.5%) of Qb, b.p. 
115-118V.S mm, nz 1.4461; v,, 2940(s), 2890(s), 2830(s), 
1730 (s), 1230 (s), 1020 (m) cm-‘; SO.88 (3H. d, J = 6Hz), 1.60 (3H, 
s), 1.67 (3H. s), 1.98 (3H, s), 4.02 (2H, t, br, J =6Hz), 5.10 (IH, 1, 
J = 6Hz). (Found: C. 73.86; H, 11.73. CllHX02 requires: C, 74.28; 
H, 11.58%). 

(5s. 8RS) - 8, 9 - Oxido - 5, 9 - dimcthyldecyl acctufe IO. 
mChloroperbenzoic acid (85% purity, 33 g) was added portion- 
wise to a stirred and ice-cooled soln of 9b (36g) in CHCI, 
(400 ml). The mixture was left to stand overnight in a refrigerator 
and filtered to remove precipitated m-chlorobenzoic acid. The 
filter cake was washed with n-hexane. The combined filtrate and 
washings were washed with Na2C03 aq and NaCl aq. dried 
(MgSO,) and concentrated in uocuo. The residue was distilled to 
givc34.5g(9W)of 10,b.p. 125-130”/1.5mm,n~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-‘; 60.8s (3H. d, J = 6Hz), 
1.15 (3H, s), 1.20 (3H, s), 1.93 (3H, s), 2.45 (IH), 3.96 (2H, t, 
J = 7Hz). (Found: C, 69.11; H, 10.95. CI,H2603 requires: C, 69.38; 
H, 10.81%). 

(S)_( + M-Aceroxy4methyloctannl 11. A soln of 10 (34.5 g) in 
ether (100 ml) was added to a stirred and ice-cooled soln of 
HIO, * 2H20 (35 g) 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 uacuo. The residue was 
distilled to give 23.Og (81%) of 11, b.p. 11~1200/1.5 mm, nF 
1.4420; a$ t 1.45” (neat, 1 = 1 dm); v,,,,* 2920(s), 2860(s), 
2700 (w), 1740 (s), 1720 (s), 1250 (s), 1035 (m) cm-‘; 60.85 (3H, br, 
d. J =6Hz), 1.94 (3H, s), 3.95 (2H, t, J = 7Hz), 9.68 (IH, t. 
J = 2Hz). (Found: C, 66.34; H, 10.18. CIIH& requires: C, 65.97; 
H, 10.07%). 

(S)-( - )-5-Met~yhricos$-en-l-o 1 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 icecooled soln of n-CIJHjIP’(Br-)PhX 
(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 Il(23 g) in dry THF (200 ml) during 13 hr at -20 to -30” 
under Ar. The inner temp. was gradually raised to room temp 
during 1 hr and the stirring was continued for 1.5 hr at room 
temp. Then a soln of NaOH (30 g) in MeOH (100 mlW20 (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% MeOH (100 ml) and water, dried (MgSO,) and concentrated 
in UPCUO to give 65g of a crude material. This was chromato- 
graphed over Merck Kieselgel 60 (70-230 mesh, 5oOg. 45 X 
5.5cm) in n-hexane. Elution with n-hexane removed hydro- 
carbon impurities. Subsequent elution with n-hexanecther (9: l- 
4:1) gave 8.6g (22%) of pure 12, nF 1.4646, ag -0.90” (neat, 
I= 1 dm); Y, 3ux) (ml, 3ooO(w), 2920(s), 2850(s), 1650(w), 
1465 (m), 1380 (m). 1050 (m), %0(w), 720 (w) cm-‘; S - 0.90 (6H, 
m), - 1.25 ( - 32H), -2.00 (4H, m), 3.54 (2H, m), S.30 (2H, t, 
J = 5Hz). (Found: C, 81.62; H, 13.73. &&O requires: C, 81.74; 
H, 13.72%). 

(R)-(t )-5-Mefhylrricoson-1-ol (R)_lk. 10% Pd-C (2g) was 
added to a soln of I2 (8.6 g) in n-hexane (100 ml) and 95% EtOH 
(50 ml). The mixture was shaken under H1(1 atm) for 2 hr at room 
temp. Then the catalyst was removed by filtration and washed 
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with o-hexane. The combined filtrate and washings were concen- 
trated in uacuo to give crystals of IJI. This was recrystallized 
from n-hcxane yielding 7.Og (81%) of 13s as prisms, m-p. 47.0- 
47.5”, [alEt 1.012 0.1” (c = 4.065, ether); v,, 3360(m), 2920(s), 
2850(s), 1465(m), 1380(m), lO5O(m), 730(m), 72O(m)cm-I; 
SO.90 (6H, m), - I.25 (-42H, br). 3.67 (2H, 1, J = 6Ht). (Found: 
C, 80.84; H, 14.37. C&fWO requires: C, 81.28; H. 14.21%). 

(R)-S-Methyltricosyl tosylafe (RWb. p-Toluenesulfonyl 
chloride (2.Og) was added to a stied and ice-cooled soln of 
(R)-13a (2.5 g) in dry pyridine (20 ml). The stirring was continued 
for I hr at &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 
(MgSO,) and concentrated in uacuo to give 3.5 g (quantitative) of 
crude (R)Gb, v,, 1600(m), 1190(s), 1180(s), 1100(m), 960(m), 
930 (s) cm-‘. This was employed for the next step without further 
purification. 

(R)-(t j2, CDimelhyllelrucus-2-m-9-ync 14. A soln of n-BuLi 
in n-hexane (1.5 M, I18 ml) was added to a stirred and cooled 
soln of hexadec-I-yne (32.55 g) in dry THF (I50 ml) at - 10” under 
Ar. The stirring was continued for 30 min. Then a soln of 6 (39 g) 
in dry HMPA (I80 ml) was gradually added to the acetylide soln 
at -10”. The cooling bath was removed after the addition and the 
stirring was continued for I2 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 (CaC&) and 
concentrated in uacuo. The residue was chromatographed over 
Merck Kieselgel60 (150 g) in petroleum ether. The yield of pure 
I4 after distillation was 34.7g (60%), b.p. 192-1%“/0.8 mm, ng 
1.4643; &‘+2.76” (neat, 1 = 1 dm); v,, 2920(s), 2860(s). 
1475 (ml. 1382 (m), 1340 (w), 1120(w), 1085 (w), 825 (WI, 
72O(w)cm-I; 60.87 (6H, m), - 1.24 (29H, br), 1.57 (3H, s), 
- 2.04 (4H, m), 5.02 (IH, 1, J = 6Hz); glc (Column, 3% SE-U). 

2.25mx2mm at 220“; Carrier gas, Nz, l.Ok&mz) Rt 8.2min. 
(Found: C, 8Ii.47; H, 13.69. C& requires: C, 86.59; H, 13.41%). 

(SH+ )4_Me~~yldodecos-7-yrr-l-al 16. Epoxydation of 14 with 
mchloroperbenzoic acid in the same manner as described for the 
prepn of 10 yielded 15. This was cleaved with HIO, * 2HzO in the 
same manner as described for the prepn of 11 to give 16. The crude 
16 was purified by Si02 chromatography to give l4.Og (63% from 
14)of fairly pure 16, ng” 1.4628; QE~ t 1.45”(neat, I = 1 dm); Y,, 
2920(s) 2850(s), 27W(m), 1730(s), 1460(m), 1380(m), 1330(w), 
1220(w), II lO(vw), 1030(w), 720 (ml, 670(m) cm-‘; 60.90 (6H, 
ml, - 1.24 (29H, br), -2.05 (4H, m), 2.22 (2H, m), 9.65 (IH. 1, 
J = l.8Hz). (Found: C, 81.61; H, 1250. Cz3H,20 requires: C, 
82.57; H, 12.65%). This was employed for the next step without 
further purification. 

(SH l C~Mcthyldodecos-7-yn-I-al 17s. A soln of 16 (14g) in 
dry ether (2Oml) 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 Kieselgel60 (150 g) in petroleum ether-ether (10: I) to give 
12.7g (67.6%) of pure 17r, ng 1.4644; $t 1.02" (neat, I = 
1 dm); v,, 3310(m), 2910(s), 2858 (s). 1460(m), 1435 (VW), 
1380(m), 1330(w), 1055 (m). 890(w), 720(w) cm-‘; SO.82 (3H, 1. 
J =6Hz), 0.90 (3H, d, J = Hz), 1.24 (31 H, br), 1.75 (lH, s), 2.17 
(4H, br), 3.47 (2H, t, J = 6Hz); tic (Silca gel G, petroleum ether- 
ether 2:l) Rf 0.63. (Found: C, 81.80; H, 13.04. t&H,,0 requires: 
C, 82.07; H, 13.18%). 

(S)-( t l-4-Methyldodecos-7-ynyl tosdizfe 17b. The alcohol 170 
(13.98) was converted into 17l1 in the usual manner, v,, 
1600 (w), I I90 (s), I180 (s) cm-‘. This was employed for the next 
step without further purification. 

(Rj-( t l-l-Cyano-S-methyldodecos&yne 1%. NaCN (4.Og) was 
added to a soln of 17b (17.3 g) in DMSO (40 ml). The mixture was 
stirred and heated at 60” for 3 hr. 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 
vacua The residue was chromatographed over Merck Kieselgel 
60 (180 g, 30 x 3.5 cm) in n-hexane-ether (30: 1). The yield of pure 
IS was 9.2g (49%). ng 1.4635; &‘+ 4.10” (neat, I = 1 dm); V, 
2920(s), 2840(s), 2240(w), 1460 (m), 143O(sh). 1380(w), 1325 (w), 
72O(w)cm-‘; SO.92 (6H, m), - 1.25 (3lH, br), 2.15 (6H, br). 
(FOUNT: C. 83.26; H, 12.77; N, 3.81. &&N requires: C. 83.41; 
H, 12.54; N, 4.05%). 

(R~ttllktliyltricos-8-ynoic acid 19. A soln of I8 (9.2~) 
and NaOH (10.6g) in &OH-Hfl( 103 ml, 60~43, v/v) was stirred and 
heated under reflux for 24hr. After cooling, the mixture was 
acidified with dil HCI-ice and extracted with ether. The ether soln 
was washed with water and NaCl aq, dried (MgSO) and concen- 
trated in oacuo. The residue was chromatographed over Merck 
Kieselgel60 (14 cm x 3.5 cm) in petroleum ether-ether (2 : I) to give 
8.8 g (91%) of 19, m.p. 2b2I”, [a]~t4.W’ (c = 2.29, ether); 
v,,,,, - 3200 br, 2948 (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-‘; 60.90 (6H. m), - 1.30 (3lH, br), 
2.15 (6H, m), 1 I.98 (IH, s). (Found: C, 78.99; H, 12.34. Cuf&Oz 
requires: C, 79.06; H, 12.16%). 

(R~S-Mefhy/lricos$_yn-l-al 1. A soln of 19 (8.2 g) in dry et- 
her (50ml) was added to a stirred and icecooled suspension of 
LAH (2.5 g) in dry ether (I50 ml). 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 icedil HCI and extracted with ether. The ether soln 
was washed with water, NaHCO, aq and NaCl aq, dried (K&O,) 
and concentrated in Dacuo to give 8.0 g (quantitative) of crude #), 
Y,, 3300(m), 2920(s), 2&10(s), 1460(m), 1380(m), 1339(w), 
I 120 (w), 1070 (w). 1050 (m), 720 (w) cm-‘. This was employed for 
the next step without further puri8cation. 

(S)-(-b5-Methyltticusan-I-o/ (Sklh. 10% Pd-C (2g) was 
added to a soln of to (7.5 g) in n-hexane (100 ml) and 95% EtOH 
(50 ml) and the mixture was shaken under Hr. Subsequent work- 
up as described for the prepn of (R)-13n gave 6.58 (87%) of 
(Sj-13a, m.p. 47.0-47.5”; [a]g -1.01 AO.08” (c =5.37, ether); 
v, 3360(m), 2920(s). 2850(s), 1465 (m), 1380(m), 10543(m), 
730 (m),72O(m) cm-‘; 80.90(6H. m). -1.25(-42H, br),3.67 (2H, t. 
J = 6Hz). (Found: C, 80.89: H, 13.90. Cz,HreO requires: C81.28; H, 
14.21%). 

(R)-(-)-4-Merhyllru-5-en-I-o/ (R)-23a. Oxidation of 21 with 
HIOI * 2HzO was carried out in the same manner as described for 
the prepn of 11 to give the known aldehyde 22.” A soln of 22 
(4.3 g) in dry ether (5 ml) was added to a stirred and icecooled 
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 
icedil HCl and extracted with ether. The ether soln was washed 
with water, NaHCOl aq and NaCl aq, dried (MgSO,) and con- 
centrated in c’ucuo. The residue was distilled to give 4.Og (91.4%) 
of (R)-U1, b.p. 79 - 81V25 mm, ng 1.4371; a% -15.5” (neat, l = 
1 d-n); v,, 3330(s), 3080(m), 2940(s), 2860(s), 1640(m), 
1450(m), 1420(m), 1380(m), 1055 (s), 995 (m), 905 (s)cm-‘; SO.98 
(3H, d, J =6Hz). 1.41 (4H, m), 2.10 (lH, m), 3.27 (IH, S, 
aH), 3.45 (2H, 1, J = 6Hz), -4.7&- 5.10 (2H, ml, - 
5.30- -5.92 (IH, m); MS: m/e II4 (M’); glc (Column, 3% 
SE-30, 1.5 m x 2 mm at 50”; Carrier gas, Nz, 0.7 k&m? R, 
3.7 min. 

(‘&(-)-4-A4ethyfhex-5-eny~ bromide (R)-24. p-Toluenesulfonyl 
chloride (7.7g) was added to a stirred and ice-cooled soln of 
(RI-230 (3.8 g) in dry pyridine (25 ml). The mixture was stirred 
for I .5 hr at O-5”. Then it was poured into ice-water and extracted 
with ether. The ether soln was washed with water, CuSO,aq, 
NaHCOs aq and NaClaq, dried (MgSO,) and concentrated in 
uacuo 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 1.5 hr 
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 uucuo. The residue was distilled to give 4.46g (75.6% 
from (RI-23a) of (R)-24, b.p. 81-84”/34mm, n: 1.4597; a$ 
- 12.6” (neat, 1 = I dm); V, 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), 9lO(s)cm-‘; 60.98 (3H, d, 
J = 6Hz), -1.20--2.40 (5H, m), 3.28 (2H, t, J=7Hz), - 
4.68 - - 5.10 (2H, m), - 5.27 - - 5.90 (IH, m); gk (Column, 3% 
SE-30, 1.5 m x 2 mm at W; Carrier gas, N1. 0.7 kg/cm’) Rt 
5.3 min. (Found: C. 46.85: H, 7.35. C7HIJBr requires: C, 47.48; H, 
7.40%). 

(RI-( + )-4- Methyiheptanedioic acid monomethyl ester 26. Jones 
CrOl (12.9 ml) was added dropwise to a soln of 25 (13.58 g) in 
acetone (180.1 ml) with stirring and icecooling. The mixture was 
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stirred for ‘IOmin at rOQm temp. Then MeOH wa$ added to 
destroy excess 00,. The mixture wBs concentrated h DQCYO. 
Tbc residue was diluted with water and extracted with ether. The 
&bet soln was washed with water and NaCl aq, dried (MgSOJ) 
and ~~~~t~ in ~~~~. The residue was dimple to give 
10.380 (70%) of 24, b.p. US-132*/4mm, nZ: 1.4468 ab’t0.V 
(ucat, 1= 1 dm); v, +. 3#10 (u& 2950 Is). 2870 tm), - 2600 (m), 
~~~(~s), logo, f4Qlt (m), l~~rn~~ 1280(s), 1080 (s), 
ll~(m)cm-‘;50.8-1.1(3H,br), 1.3-l.tt(SH,br),2.1-25(4H, br), 
3.6 (3H, s), 11.4 flH, s), (Found: C, 5758; H, 8.65. C&O, 
requires: C,57.43; H, 8.17%). 

Methyl (SK + )=6-bmmd-methylhc.xunw~e ,2X AgsO (7.7 g) 
was added to a drred soln of 24 C12.43 g) in dished water 
(177.3 ml) contair~~I in a Fisk wrapped with &uninum foil. After 
stirring for 4hr at 40”, the crystalline Ag salt was cobcctcd on a 
Bucbner funnel, washed with hot f&OH and dried in wcuo at 
M” over P&. The dried solid (15.9g) was put into a dried Ifask 
and the Ag salt was four d&d in WUQ for 3ohr at 100-110”. 
Subsequent Hunsdiecker reaction was c&td out under Ar. The 
Ag salt was suspended in dry Ccl, (dried over PzOJ and distilled, 
I 14.1 ml). Br2 (tied over PzOs, 8.6 g) wax added dropwise to the 
stirred and ice-cooled suspension. ‘f?m mixture was stirred and 
heated under rcflux for I iu and filtered. The f&ate was wasbed 
with 10% NatC03 aq, dried ~~ aad concentrated in RLICUO. 
The residue was distilled to give 9h4g (654%) of 27, b.p. 
~-fOl*~mm, n&’ 1.6668; ol%+Q.tY (neat, I = I dm~; v, 
2968 (ml, 2930(m), 2860(m), 1745 (81, 1440(m), 1270 (m), 
1200(m), 118O(m)cm -I; SO.92 (3H, distorted d, J = 6Hx), - 
MS- -2.00 (SW, m), 2.30 (2H, t, J = 6Hx), 3.40 [2H, t, J = 6&), 
3.62 (3H, s); gk (Column, 3% SE-30, 1.5 m ~2m.m at 108”; 
Carrier gas, Ns 1.3 kgjcm~ Rr 3.7 mitt, (Found: C, 42‘83; H, 4.69. 
C&&Br requires: C, 43.07; H, ~.78%). 

Methyl (S)&(~nitrophcnylst~~~M~hy~huan~ufe 28~. To 
a sola of ~-~~phe~y~~~e~ cyan&e (9.&g) in dry EtOH 
(232.4 ml), NaBH, (1.96 g) was gradually added titb stirring and 
ice-cooling under Ar. The mixture was stirred for 30 min to yield 
a dark red soh A S&I of 27 (9.64 g} in dry 
added to this red soln and the mixture was stirred for Bhr at 
room temp. Then it was ~~n~~ in ottcyb, poured into water 
and extracted witb ether, The ether solu was wash#l with wrrter 
and N&Cl aq, dried (bfgS0,) and concentrated in paella to give 
f4.75g of crude 2&, v,, 2940 (m), 1735 {s), 1585 (to), 1460 (m), 
lSlO(s), 1330(s), 13US (s), 72S (m)cm+. This was employed for 
the next step without further puriftcation. 

Is~~Nisrr);pA~~~y~~~~ acid l8b. The 
crude fBill (110) was mixed with 2M NaOH aq (19.2g) and 
Mc0H (2 ml) and the mixt~ was stirred and beated under r&x 
for LS hr. Then it was diluted with water, acid&d with cone HCI 
and extracted with ether. The ether soln was washed with water, 
dried ~~ and ~~n~t~ in rrocillo to give 10.98 g of crude 
mh hu -34oobh 2W5h m W, 2@Nm), 1710(s), 
15~(m), 1560 (m), 1515 (s), 133s (a). DOS (s), 730(s) cm-‘, This 
was employed for the next step without further purification. 

(SHt )-4-M&y&.r-S-t acid 29. 35% HA (9.8ml) was 
added opt to a stirred and iceuX?M sofn of 2gh (~0.6~ iu 
THF (2Stl ml). The stirring wag continued for 30 nlin at 0-Y and 
Mhr at rOOm temp. Tbcn tbc solu ConcentWed h uizccI0. The 
rcsidut was diluted with wattr and extracted with ether. T%c 
ether so111 was wastxd with water ad NaCl aq, dried (M&SO3 
d w~ntrati in uocm. The residue was dis&d to trjve 
2.973 (72.4% from 27) of 29, b.p. 124-lW~33mm, n$!’ 1.4346; 
@ t 14.42” (neat, 1 = 1 dm); P, - 3100 (m), 2960 (s), 2930 (x), 
28M (rn)* - burns, 1715 (si, .WS fwl, 142g In& 1285 (mS, 
122S (m), 995(m), 915(s)cm-‘; Si.Ol(3H, d, J =6&j, 1.68 QH, 
m), 2.24 (W, q, J = 7 Hz). + 2.0- - 216 (tH, m),-4.7- - 5.9 
(3H, m), 11.3 (lH, s). (pouud: C, 64.82; H, 9.48. C,H,$& 
requires: C, 55.60; H, 9.44%). 

(sxt~~~~~~~-~-~-I-~~ (§)-23a. A soln of 29 (3.!Bg) in 
dry ether (28ml) was added dropwise to a susper~ion of LAH 
(1.35g) in dry ether (895 ml) with stirring and &cooling. The 
mixture wax stirred for 3hr at toom temp. Su~~t con= 
vcntioaal work-up followul by diatilhttion gave 2.48 g (87.6%) of 

W(m), MO(m), 1420(m), 1380(m), W(s), lWJ(m), 1ooOCs), 
9lO(u)cm-*; M).% (3H, d, J=6Hx), -U--1.7 f4H). - 
1,85 - - 2.48 (lH, m), 3.48 (2H, t, J =&Ix), 3.55 (IH, s, -OH), 
-4.2-w 59 (3H, m); gk (3% SE-30, 1,5 m x 2 mm at 4e Carrier 
gas, Ntr 0.8 ~~~ & 55 min; MS: nJc 114 @I*). TOW 
spectral data arc in good accord with that of (R~23a. 

(S~Merlry&@x-5-eJty~ tosylatr (Sjz& This wax prepared in 
the ~~ven~~ manner to &vo 7.7 g of (SjW from 32 g of 
~~~~~d employed for the next step without further 

. 
($~+)-4+f&y0~5-~y~ bmmtic {SFZI. This was prepared 

in the WC manner 8~ descr&ed in the prepn of (I&24 to give 
3.61 g ~~.~ from (s23aj of (s)-u from 7-7 g of (I+23h, bg. 
7679V47mm, Jxg3 1.4623; #+ 13.W @at, 1 = 1 dm); Ip,, 
3090 (m), 2980 (s). 2940 (a), 2880 (m), 11645 In& 1460 (m), 1260 (m), 
1215 (m), laoO(m), 915 (sjom**; SO.98 (3H, d, I = dflz), - 
1.20 - - 2.40 (5H, m), 3.28 (2H, 1, J = 7 Hz), - 4.70 - - 5.10 (2H, 
m)t --DO--SW m); @c ~C~l~~ 3% SIMO, LS m X 
2mm at s6”; Car&r : N2, O.Bkg/cm? I& S2miu. (Found: C, 
47.71; H, 7.49. C,HrsBr rqti: C, 47.48; W, 7.40%;). 

(3R, 1 lR)_3 1 l-~~~~~~~~c~s-l-~~ (3R, fIRI-39. 
uard reagent ww prepared from (R)=U (2.1 g) and Mg ( 
dry ether (15 II@. A soln of (J@l3b (cu 3.5 g prepd from 2.5 g of 
(R)_Uo) in dry THF (20 ml) was added to the stirred and cooled 
Origur& s0ln at -780 under Ar. 0.1 M-Li&uC& in THF (0.35 ml) 
was added to the pasty rn~~, Then the tcmp was boy 
rakd during 2hr to room tcmp ad the stirriq ww contirrued 
for 2Olu. The mixture was poured into icedit H&and extrac- 
ti with ether, The ether sofn was washed with water aud NaCl 
a~, dried &CO,) and concentrated iu wcw to give 2.9g (94%) 
of oily (3R llRj3@, v, MB0 (w), ~(s~, 2&O fs), 1645 (m), 
1470(m), 1380(m), 1080(m), lOtM(m}, 91O(m)cm”. This Was 
cmpkycd for the next step without further purihtioa 

(3R, llRj.3, ll~~~~y~~~~cu~~~-2~~ (3R, llR)_31. A sdn 
of (34 llR)-38 (2.98) in THF (1Ornl) was added to a stirred 
suspension of Hg (CIA& (4.1 s) in THF (25 ml} and H@ (,l2”, 
and the mixture was stirred overnight at room temen yieaz l 
orange soln with some suspended ma 
ft.S g NaOH in 22.5 ml H&Q fo~w~ BEf, ~~~~ snd 
NaOH (15 g) in water (12.5 ml) were added to the mixture and 
the stirring was continued for 3Omin. The mixture was saturati 
with N&I by a&Iii solii NaCl and extracted with e&r. The 
ether win was washed with NaCl aq, dried (K&Q) and co~cc/a- 
txated irr ttocua. ‘I& residue was ~~0~~~ over Merck 
Kiesc&et 60 (70-230 mesh, 50 g, 31 x 2.S cm) in n-hcxane. Ehation 
with n-hexanc removed hydroca&on impurit#s. Subsequent elu- 
tion w&h ~~e~~~ (91) gave L2g (43% from XI of OR 
llRk31 as a waxy solid, m.p. 29-320, V- 33tM [ml, 2960 (S), 
292Q is), 2850 (s), 1470 (la), l%O (m), II 100 bf, 1065 MO, !J60 Wp 
9~~rn), I, ~(rn~ cm-‘, @our& C, 81.9& H, 14.52. 
C&,0 requires: C, 82.22; H, 14.25%). 

(3R, 1 lR)-(-j-3, J l-~~y~~~~~~-2~~~~ (3R, f lR)-1. 
Jones CrO, (2 ml) was added to a stirred soin of (3R, 1 iR)-31 
(1,2 g) in acetoo (50 ml). The mixture was left b stand for 5 min 
at room &up. Then McQR ww added to destroy excess CI&. 
The mixtore was poured into water and extracted with ctber, The 
ether soln was washed with water and N&l aq? dried (&S&I 
and concentxated in UIZCYO. The rcsiduc was ~~o~~~ 
over Merck Kicselgel 60 (70 - 230 mesh, 2Og, 14 x 2.5 cm) in 
n-hoxane. AUNT with ~~~ (t9:l) gave 0.98 (75%) of 
(31, tlR)-1. This was rccrysuiitizd three times from 99% EtOH 
to give 6OOmg of Mulles, m. p. 44-S&, Ialfit -563 ltO.1’ 
(r =4.101, n_hcxancs; v, (Abel) 1715 (vs), 1300 (w), 1230 (w), 
1250(w), 1220(w), 1210(w), 1190(m), 1175(w), 1150(m). llWw), 
l#O(w), lag 1040(w), 1020(w), 950(w), SSOW, 
BOB 73O{m), 7~(m) cm’“; ~~t~~ CC&J O.g4 (6H, m), 
l.a7(3H,d,J=7Hz),l,25(-48H),2.10(3H,s), -2.4O(lH,m); 
MS: nsjc 4Sft (I@+). (Found: C, 82.3% H, 13.74. C,,&O ~~~: 
C, 8259; H. 13.8#& 

(3S, 1 lsHt)_s, 1 I-~~y~o~coson-2-o~ (38, 11S)l. 
This was pnpared from (SWh and (s)-u in the same manner 
as described for the prcpn of (3R+ llR)-1. After recrystallization 
from 9996 EtOH, 30.5 mg of (3S, ll+l was obtained as needles, 
m.p. 44*0-44*5~or [(r]z: ~5.~~0.~ ((: = 0.90, n-~~~)* The IR 
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snd NMR spectra were beak with those of 13R, llR)_E aod 
the natural pheromone. MS (7OeV): mlc 41.0365 (&HJ, 23.1%), 
42.0434 {Cl&, f.S%), 43.0163 (CIHJO, 54.9%), 43.tBB (CJf,, 
33.3%). 53.03~ [C&l& 4.~%~~ 55‘ll559 (Cd,, 43‘S%), 56.0632 
(C& 17.6%), 57.0362 (C&Q, S,l%), 57.0712 (C&H,, 58961, 
~9.~2 (C~H,O, 4.3%), 59.0543 {~~H,~, 4.3%). 6?.~~9 {C&t 
?.l%), 68.0622 (C&l,, 55%), 69.0707 tCsHp. 26.7%). 70.0779 
(CfHtb, 14.9961, 71.W (C&0, 6.3%), 71.0861 (C&, 29.0%), 

* 7~.~1$ (c!Ji&, 21*~), 8 
9.4%), 83.0859 (C&, 20 

fC&, S.l%}, 85.0644 (C$H& 36.3%), 85 
?5.#846 (C,H,,, 11.4%), 96.0939 (C,H12, 7 
18.4%). 99.113l.I (CIH,$, 5.596)s 109.10129 (C 
(C&r, 5.l%), lfl.Il59 (C,Hllr, WY&). 1 
125.1323 f&H,,, 3.9%). 127.lll5 I&H&, 
~~~,~~ = M’, 16.1%), 451.4g52 {C&&l, %. 
83.if; H, 13.95. ~~,~~ requires: C, 82.59; H, 

(3R, 1 lS)+)-3, 1 l-~~~~ylnonocoson-2-0 
This was prepared from @)-l3b and (R)_21 in the same manRer 
as described for the prcpn of (3R, f lR)-1. After silica gel 
c~omato~phy {Merck Kieselgel 60) and two rcc~s~Ii~tions 
from !B% EtoW, 750 ag (23% from (S)-13a) of [3R, 11 Q-1 was 
obtairled as fine rhombic W&S, m-p, 39.0-39.5”; [Q# -5.682 

fc = 3.996, n-hexane); v_, (nujol) l705@s), 1305 (WI, 
(w), l~~~w~, 1240(w), ~2l~~w), l~~w), llao{wf, 

1180(w), 1140(m), 955(w), 890(w), 850(w), 730(m), 720(m) cm-‘; 
6(100&H& CCL) 0.88 @)I, m), I.01 (3H, d, J = 7 Hz), I.25 
(-48H), 2.10 (JH, s), -2.55 (lH, m). {Found: C, 82.30; H, 
13.84. C&& requires: C, 82.59; H, l3.~%~. 

(3S, E lRj( + )-3, 1 l-~e~~ylnomtco~an-2-onc (3S, 1 El&l. 
This was prepared from (RE_lJb and (&U in the same manner 
as described for the prepn of f3R, llR)_1. After silica gel 
c~mat~phy (Merck Kieselgel60) and rec~s~l~~n from 
99% EtOH, 31s mg (11.7% from (R)-13a) of (35, llR)-l was 
oboe as needtes, m-p* 38.0-38.5’; ]a]g t 5.73 r~.lY’ (c = 
2.049, n-hexane); The IR and NMR spectra were identical with 
those of (3R, lls)_l, (Found: C, 82.55; H, 13.9l. C&& 
requires: C, 82.~9; H, 13.~~~. 

Terrudecane-1, Wdiol monobentyl ether 3% A mixture of 32a 
(426g), PhCH&I (23.4gf and KOH (10.4g) was heated at 110” 
for 4 hr with sties. Then it was poured into ice-water and the 
prec~p~~t~ crystab were collected on a iilter. The crystals were 
washed with a small arno~~t of ether arKi d&d in trocuo over 
P& to give 35.8g of crude 32b. v,,, (nujal) 3440(s), 34QO(s), 
31 IO fm), 3100 (m). 30% (m), 15EO (ml, 1500 (m), 1430 is), 1460 is), 
1426 (m), 1060 {s). 750 (sf, 700 fs) cm-“; MS: m/e 320 (M+). This 
was employed for the next step without further puri&ation. 

l~~~~~oxyf~f~~d~~y~ r~~y~~~~ 32c. ~-Tolueoes~fo~yl 
chtoride (42&g) was added to a soln of 3% (35.8 g) in dry 
pyridine (355 ml) with song and ie~~~li~. The mixt~e was 
stirred for 2 hr and poured into icedil WCI. The p~ec~Pi~t~d 
crystafs were collected on a filter, washed with water, and dried 
in arrCucr over P20J to give 47,6 g of the tosyla& 32c, m,p. 3p40”; 

~5~~rn~, 2950fsI. 29ooW, l~{rn), bairn), 1460imL 
:!?I (s), I 195 Is), 1180 fs), 1105 (s), 950 (s), 840 fs), 815 fs) cm-‘. 
This was ernp~uy~ for the next step wi~ut further pu~fi~tiou* 

WBe~tyloxytefradccyI bnrmide 3311. A soln of 32~ (47.6 g} and 
LiBr tn.2 g) ia acetone (541 ml) was stirred and heated under 
reflux for 1 hr. Then it was poured into me-water and extracted 
with ether. The ether soln was washed with water, NaHQ aq 
and N&l aq, dried (CaClz) and concentrated in U&W to give 
32.?g of crude X9a. This was purified by chromatography over 
KieselgeI 50 (Wg), ~lution with n-he~~~t~r gag 25.4g 
~3~,8%~ of 330, m-p. 45-W; v,, ~(w~~ ~~w~~ 2940(s), 
2870(s), 1510 (w), 1460(m), 1375 (m), 1110 Is), 1030 (m), 740 (51, 
705 {s) cm-‘; 61.25 f24H, br, s), 3.25 {4H, ml, 4.34 (2H, s), 7.10 
(5H, s); MS: m/t 382 IN”). 

bMemy~oxyt~trdecyl todridG 33b, NaI (2Og) and Sk (2SAg) 
wcrc dissolve-d in acetone ~2~~1~ and the mixture was heated 
under reflux for 24 hr. Then it was poured into icedil NaHC& 
aq and extracted with ether. The ether soln was washed with water, 
dried ~M~~~~ and #~~~t~ in wxw to give 22 g of crude ?LzIQ. 
This was employed for the next step without further purification, Its 
IR spec~rn was very similar to that of 33r, 

(RH + k$ ~~~~~~d~~~~-l-~ 34. A sos~~sio~ of 
NaNH* in liq NH> was prepared in the usual manner from Na 
~1~.9g) and liq NH1 (MomI). To this was 
3 hr. After tvapomtion of NHI, dry DM 
Then 6 (37.1 g) was added dropwise to the stirred acttylide sofn 
at room temp. The stirring was contiaued for 4hr. Then solid 
NH&l was added to destroy excess NaCkCH. The mixture was 
poured into ice-water amI extracted with ether. The ether soln 
was wasbed with water and sat NaCI, d&d ~~~,) and con- 

in OUCW. The residue was distilled to give 14.3g 
f 34, b.p. U-1 W/43 mm, nf: l.cr);6; a@ t 3.8” (neat. 

33400n), 299SW, 2960(s), m(s), 2140(w), 
-‘; 60.87 (3H, d, J = 6Hz), 155 (3H, s) 1.62 
= 6Hz), ~Fo~~~ C. 87.12; H, 12.39. &Hp 
12.27%). 

~R)_t-Be~zylrrxy-I9,23-diinrcltlryltcfrae 35. A 
soln of n-Buti in n-bexane (I.79 N, 2?.3 ml) was added dropwisc 
ta a stirred and ice-cooled soln of 34 (8.0 g) in dry THF 170 ml) at 
-10” under Ar. The soln was stirred for 30min at -lo”. A sofn of 
33l1 (21.0 g) in dry HMPA (61.8 ml) was added to the stirred and 
cooled soln of the a~ty~ide at -IO”. After the addition the 
sties was c~nti~~d for 1 hr at room temp‘ The mix~e was 
poured into ice-water and extracted with n-hexanc, The n-hexane 
soln was washed with water and NaCl aq, dried (CaCI;) and 
con~nt~ted in wwuo to give 22.8 g of crude 35, v-, 3100 tw), 
BOSOM 2%0(s)+ 2@@(s), 1465(m), lll~~m~~ 7~~rn)~ 
105 (m) cm-“; SO.90 f3H, defiled d, J = 6H& 1,25 ( - 29H, br, 
sl, 1 s), 1.6d (3H, s), - 1.8- -2.2 (6H, m), 3.35 (2H, t, 
J=6 5 (2H, s), 5.02 (IH), 7.15 (SH, s); M5: mfc 466 (M’). 
This pIoyed for the next step without further pu~fi~~~~. 

IWhl-Benzyl~xy-19, 23-dimellryl-2223-o~oter~ucos-15-yne 
36. ~~hl~roper~~~ic acid (85% purity, 109g) was added por- 
tio~wi~ to a stirred and ice-led so111 of 35 @2.8g) in CHCI~ 
(110 ml). The mixture was stirred for 2 ht at room temp, and 
&red to remove m~hloro~~~ic acid, The solid was washed 
with n-hexane. The combined filtrate and washings were washed 
with NaHS~~ aq and ~ncent~t~d in WI~UO. The residue was 
dissolved in ether. e ether soln was washed with Na&O, aq 
and NaCl aq, dried (Hg.S04) and concentrated in WCIIO to give 
22.7 g of _cNde 36, whose NMR spectrum Iacked signals due to 
Me+CH and showed a signal at 82.50 (lH, t, J = 6Hz) due to 
the o~~do-met~~ proton. 

{S)-Z2-9enrylnxy4-~~y~d~~~-7-y~~~ 37, A soIn of cr& 31 
(22.7g) in ether (76.2 ml) was added drapwisc to a soln of 
HIO, - 2H@ (14.0 g) in THF (3 ml) with stirring and icecooling. 
The mixture was stirred for 1.5 hr at room temp. Then it was 
poured into water artd the ether tayer was separated. The aq 
layer was ex~Gt~ with ether, The ether sola was washed with 
water, NaHCX& aq and NaCl aq, dried (MgS0,) and concen- 
trated in to give 20.2 g of crude 37, u,, 3050 (w), 3020 (w), 
2900 I&. ),2X@ Ew), 17125 (m), 1455 fmf, 1 lo0 (m), lolro (m), 
740 ImI, m)cm-‘. This was employed for the next step 
without further ~~~ti~n. 

fS)_( + )_22-Btnzyloxy-4-mt#hthyidocos-7-yn-f-ol 38a. A soln of 
crude 37 (20.7gl in dry e 55 ml) was added to a stirred and 
ice-coot& sus~nsioo of L (1.7 g) in dry ether (100 mI). The 
mixture was stirred for 4 room temp. Then a small amount 
of water was added to the stirred and kc-cded mixture to 
destroy the excess LAH. The ether layer was separated. T%e 
residue was acidified with icedil HCl and extracted with ether, 
The combined ether soln was washed with water and N&l aq, 
dried IMgSCQ and concentrated in uocuo to give 16.36 g of crude 
38.~ This was ~hromato~pb~ over Merck Rielgcl 60 [Art 
7734, begs in ~-hc~~~ther to give 9.65 g (43% from 34) of 381, 
!I:: 1.4931; [u]E (c = 3.25, n-hexane); u,, 3380 (m), 
3050 (WI, 3@00 (wl, I,2830 (s), I450 (ml, I 100 Im), 1020 (m), 
?~~rn~~ 695~m) cm -‘; SO.85 (3H, d, J =6Hz), I.22 (- XtH), 
- 1.7 - _ 2.3 (SH), - 3.4 (4H, RI), 4.32 {2H, s), 7.l2 (5H, s); MS: 
mlc 4d2 (M’)” 

(S~~-&rrxytcrruC-~~y~d~~~s-7-unyl fosylate 3wD. p- 
Tot~~su~onyl chloride (83g) was added ~~on~~ to a 
stirred and ice_cooIed soIn of Jr& (9.45 g) in dry pyridim 
(B.4 ml). The stirring was continued for 1.5 hr at O-5”. Then tbt 
rnixt~e was poured into icedil HCI &ml extracted with ether. 
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The ether soln was washed with IO% HCI, water, NaHCO,aq and 
NaClaq, dried (&SO,) and concentrated in OUCYO 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-Benzyloxy4mefhyldocos-7-ynyl cyanide 39. A soln of 
38h (10.4g) and NaCN (Log) 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 
NaClaq, dried (I&SO,) and concentrated in DUCUO to give 7.740 
of crude 39, v,, 2900 (s), 2820 (s), 2220 (w), 1450 (m), 1100 (m), 
740 (m), 700 (m) cm-‘. 

(Rt23-Benzyloxy-5-methylkicos-8-ynoic acid 40. A soln of 39 
(7.74g) and NaOH (13.7 g) in EtOH (68.6 m&Hz0 (54.8 ml) was 
stirred and heated under reflux for 17 hr. After the removal of 
EtOH in DOWI, the residue was acid&d with icedil HCI and 
extracted with ether. Tbe ether soln was washed with water and 
NaCl aq. dried (MgSO,) and concentrated in UPCUO to give 6.4g 
of crude 40, v,,- 36&l- -2400(m), 2910(s), 2840 (s), 1710(s), 
1460(m), 1120(s), 1105 (s), 740(m), 7OO(m)cm-‘. 

(RH t )_23-Benzybxy-5-mdhybicos-8-yn-l-ol (R)-41a. A 
soln of 10 (6.4g) in dry ether (22.5 ml) was added dropwise to a 
stirred and ice-cooled suspension of LAH (I .03 g) in dry ether 
(78.6 ml). The stirring was continued for 5 hr 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 icedil HCI. 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 zwcuo to give 5.78g of crude 41a. This was chromato- 
graphed over Kieselgel 60 (Art 7732, 5Og). Elution with n- 
hexawther gave 4.51 g (45.3% from 3&), ag t 0.44” (neat, 
l=ldm); u_- 3300(m), 292W. 2840(s), IWw), 1450(m), 
1100 (m), 1070 (m). 1050 (m), 1030 (m), 740 (m), 700 (m) cm-‘; 
SO.88 (3H, d, J = 6Hz), 1.26 ( - 32H), - 1.9 - - 2.3 ( - SH), - 3.4 
(4H, m), 4.38 (2H, s), 7.16 (SH, S); MS: m/e 456 (M’). 

(R~u-&nzyroxy-5-mcthyltricos$-ynyl tosylolc (R)-llb. p- 
Toluenesutfonyl chloride (2.Og) was added to a soln of (R)dla 
(2.4g) in dry pyridine (25 ml) with stirring and ice-cooling. The 
mixture was stirred at O-5” for 2hr. Then it was poured into 
icedil HCI and extracted with ether. The ether soln was washed 
with 10% HCI, water, NaHCO,aq and NaClaq, dried (MgSO,) 
and concentration in DDCUO to give 2.%g 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), 7U)(m), 
700(w)cm-I. This was employed for the coupling reaction 
without further purification, 

(SH - )_S-Meihylno&cnyl acetate 42. A phosphorane soln 
was prepared by the addition of n-BuLi in n-hexane (1.6N, 
59.0ml) to the stirred and cooled suspension of 
Ph,P(Me)Br(38,3g) in dry THF (342ml) at -30 under Ar. The 
mixture was stirred at -20’ for 4Omin. This phosphorane soln was 
added dropwise to a soln of 11 (17.9g) in dry THF (172ml) 
with stirring and cooling at -50”. The reaction temperature was 
raised to -10’ during 2hr and then kept there for 1 hr. 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 tluc110. The residue was diluted with 
n-hexane and filtered. Tbe prevous NH&laq was extracted with 
n-hexane. The combined n-hexane soln was washed with water 
and NaClaq, dried (MgS03 and concentrated in LWCUO. The 
residue was purified by filtration chromatography (SiO& and 
distillation to give 9.85 g (55.6%) of 42, b.p. IOl-lW/3 mm, ng 
1.4330; a8 -0.V (neat, 1= I dm); v,, 3060(m), 2920(s), 
2840(s), 1740 (s), 1635 (m), 1240(s). 1030(m),990 (m),9OO(m) cm-‘; 
60.86 (3H, d, J = 6Hz), - 1.1 - - 1.8 (-9H, m), 1.94 (3H. s). 
-1.8 - -2.3 (2H, m), 3.95 (2H, 1, J = 6Hz), -4.7 - -5.2 (2H, m), 
-S.3- -5.8 (1H. m). (Found: C, 72.85; H, 11.01. CllHPOl 
requires: C. 72.68; H, 11.18%). 

(SH t J-9-Acetoxy-I, 2-dibromo-5-methylnonune 43. A soln of 
BrZ (8.0 g) in CH&lZ (25 ml) was added dropwise to a stirred and 
icecooled soln of 42 (9.85 g) in CH&& (128 ml). The soln was 
stirred for 1 hr, washed with NaHSO,aq and water, dried (CaC13 
and concentrated in LWCUO. ‘Ihe residue was distilled to give 

15.1 g (8596) of 43, b.p. 136137”10.3mm, ng 1.4896; agt2.2” 
(neat, 1 = 1 dm); v, 2920 (s), 2850(s), 1735 (s), 1240(s), 
1030 (m) cm-‘; SO.95 (3H, deformed d, J = 6Hz). - 1.4 (- IlH, 
m), 1.95 (3H, s), -3.4--3-E (3H, m), 4.0 (2H, t, J =6Hz). 
~;IY: C, 40.43; H. 6.26. C12H&Br1 requires: C, 40.25; H, 

’ (S)_(; j-5-Methylnon%yn-l-01 a. A soln of 43 (15.1 g) in dry 
ether (70 ml) was added to a stirred suspension of NaNH2 (from 
6.8 gof Na) in liq NH, (400 ml). The mixture was stirred for 1 hr. 
Then solid NH&l was added to destroy excess NaNHl and NH, 
was allowed to evaporate. The residue was extracted with ether. 
The ether soln was washed with water and NH,Claq, dried 
(MgSO,) and concentrated in vacua. The residue was dissolved 
in MeOH (52 ml) and 10% NaOHaq (30 ml). The soln was stirred 
and heated under reflux for 3Omin. MeOH was removed in 
uacuo. The residue was diluted with water and extracted with 
ether. The ether soln was washed with water and NaClaq, dried 
(MgSO,) and concentrated in UUCYO. The residue was distilled to 
give 4.51 g (69.4%) of 44a, b.p. ES-9WO.S mm, ng 1.4565; apt 
0.08” (neat, I = 1 dm); Y,, 3300 (br. s), 3280 (s), 2910(s), 2840 (s), 
21 IO (ml. 1460(m), 1050 (m) cm-‘; 60.88 (3H, d, 5 = 6Hz), - 1.35 
(9H, br), 1.75 (lH, 1, J = 3Hz), 2.15 (2H, dt, Jt = 6. J2 = 3 Hz), 2.30 
(IH, s), 3.50 (ZH, 1, J = 6Hz). (Found: C, 77.36, H, 11.71. Cl$l& 
requires: C, 77.87; H, 11.76%). 

(S)_I-Tetrahydropytonyloxy-S-tncfhylnon$_yne 44b. Dihydro- 
pyran (2.51 g), 44s (3.54g) 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, KzC03 aq and NaCl aq, dried 
(K+ZQ) and concentrated in DCICUO to give 5.85g of Jib, v, 
3280(m), 2920(s), 2840(s), 1450(m), 1440(m), 1350(m), luw)(m), 
1120 (s), 1070 (s), 1030 (s), W(m) cm-‘. This was employed for 
the next step without further purification. 

(S)-23-Benzyloxy-5-methyltricos8yn-l-ol tetmhydropymnyl 
ether (S)41c. A soln of n-BuLi in n-hexane (1.6N, 14.4 ml) was 
added dropwise to a stirred and cooled soln of 41b (5.47 g) in dry 
THF (33.6ml) at -IO” under Ar. The soln was stirred for 3Omin 
at -10”. A soln of 3% (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 
icedil HCI and extracted with n-hem. The hexane soln was 
washed with water and NaCl aq, dried (K+&) and concentrated 
in UBCYO to give 13.2 g of crude Ilc, V, 2900 (s), 2820(s), 
1450(m), 1110(s), 1060(s), 1020(s), 980(m), 730(m). 
69O(m)cm-‘. This was employed for the next step without 
further purification. 

(S)-( - )_23-Benzyfoxy-5-methyltricos%-yn-l-o I (s)-41a. p- 
Toluenesulfonic acid (1.39 g) was added to a soln of ($Wc 
(13.2 g) in MeOH (66 ml). The soln was stirred for 2 hr at 650’. 
MeOH was removed in DUCUO. The residue was diluted with 
water and extracted with ether. The ether soln was washed with 
water, &CO3 aq and NaCl aq. dried (Mg.!Q) and concentrated 
in oucuo to give log of crude (!?)-4la. This was chromato- 
graphed over Merck Kieselgel60 (Art 7734, 1OOg). Elution with 
n-hexane-ether gave 4.3g (41% from 44a) of pure (s)rlr, ng 
1.4853; a$ - 0.41” (neat, I= 1 dm); V, - 3350 (m). 2920 (s), 
2840 (s), 1450 (m), I 100(m), IWO(m), 1050 (m), 1030 (m), 740 (m), 
700 (m) cm-‘: 60.90 (3H, deformed d, J = 6Hz), 1.22 ( - 34H, br. 
s), 2.10 (4H, br). 3.40 (4H, m), 4.34 (2H, s), 7.10 (5H, s); MS: m/e 
4% (M’). (Found: C, 80.97; H. 11.58. C,,HsZ02 requires: C, 
81.52; H. 11.47%). 

(!9-23-&nzyloxy-5-~~hyltricos-8-ynyl rosyfale (Wlb. p- 
Toluenesulfonyl chlororide (4.18g) was added to a stirred and 
ice-cooled soln of (St_llr (5.0 g) in dry pyridine (52.1 ml). The soln 
wasstirredfor2hr.ThenitwaspouredintoicedilHClandextracted 
with ether. Tbe ether soln was washed with 1096 HCI, water, 
NaHCt& aq and NaCl aq, dried (MgSOl)and concentrated in DOC~~O 
togive5.32gof crude(S)-41b, u,3@lO(w),3ooo(w),29WsU84O 
(9). 1590 (m). 1490 (w), 1450 (m), 1360 (s), 1175 (s), 1 la0 (s), 925 (ml, 
810 (m), 730 (m) cm-‘. This was employed for the coupling reaction 
without further purification. 

(35, 1 lR)-(t)ZJ-Benzyloxyd, 1 I-dimcthglnoRacos-1-m_1Cynr 
(W, 1lR)JS. A Grignard reagent was prepared from (024 
(0.81g)andMg(O.l5g)indryether(5.3ml).Asolnof(R)_llb(l.5g) 
in dry THF (8.3ml) was added dropwise to the stirred 
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Grignard soln at -6@ under Ar. Then 0.1 M&CuQ in 
(0.13 ml) was added. Tbe reaction tcrnp was gradually raised to 
-20 - -30” and kept there for 1 hr. Su~~e~~y the Moore 
was stirred ov~~~t at room temp. Then it was poured Inta 
ice-dil H$Q and extracted with ether. The ether soln was 
washed with water, NaXCO~ aq ub N&l aqt dried &fgSQ) and 
con~ot~ted in BOCUO. TIM residue was c~ornat~~ over 
Kiiseiget 60 (Art 7734, 3og), Elude with ~-h~~~e~~r gave 
09g ~69.2~~ of (35, llR)&, ag +4-Y’ (neat, 1 = f din); v,, 
3040 W, 3010 (wl, 2900 (s), 2840 (s), 1640 (WI, 1500 W, 1460 (ml, 
14~~rn~, ~l~~rn~, 905 (m), 735 fm), TM](m) cm-“; SOBI (3W, 
defo~~d d, J = 5 Hz), I, IO (3H, defogs d, J = 6 Hz), t 30 
{42H, br, s), 2.10 (4H, m), 3-40 (2H, 1, J = 6Hz), 4.42 (2H, s), 
-4.7- + 5.8 (3H, m), 7.25 (5H, s); MS: m/c 536 WI. 

OR, 1 lR~~-~e~~y~~~y-3” 1 I-dimrtliyfrranaccis-I-cn-leynL 
(3R, I tR)-& In the same manner as described above, l&24 
[1.44g) and (R)-41b (2.47g) yielded F3R, lIR)JS (1+4g, ~~~%~~ 
n% 1.4847; a8 -4.68” (neat, I= 1 dml; v,,, 3040(w), 3010(w), 
2909 (s), 2840 (s), 1640 (w), 1500 [w), 1450 (m), I100 {m), 1030 Cw), 
~{w~ ~~w~~ ?~{m~, ~~{rn)~m-‘; SO.90 (3H, d, J=6Hz), 
1.02 (3H, d, J = 6Hz), 1.25 (42H, bt, s), 2.10 (4H, m), 3.35 {2H, m), 
4.40 {2H, s), - 4.7 ---X3 (3Ii, m), 7.20 ISH, 5); MS: mlc 536 
tl+f+j* 

(38, 1 ISH * ~~~~~zy~~xy*3, 1 l-dins~~rCtytnonQc~s-I_~~~l~y~~ 
OS, 11Q-45. The co~pli~ of @j-M ~l.~g} and fS)Jlb (2.6g9 
yielded l.83g (80%) of (3S, lls)as, ng 1.4821; ag+4.1” (neat, 
I = 1 dm); MS: mfc SM@V). The IR and NNR spectra arc identical 
with those of (3R. 11 R j-45. 

(3R, 1 lS)-f - ~~~~~zyf~zy-3~ 1 I-dimttlty~~anacos-l-~~-l~ 
yzrc {3R, 1 C+45. The ~~~1~ of (IQ-24 (1.09 g9 and ~~!b 
(1.5 $1 yielded 0.8 g (60.5%) of (3R, lls)-ar, ng 1.4861; a$-4.4’ 
(neat, 1 = 1 dm); MS: M/C 536 (M”). The IR and NMR spectra 
were ~deo~~~ with those of (3s 11 R)& 

(3.2 ml). The mixt~e was stirred for 3 hr at room temp. Then 
12% (wlv) NaOH aq (2.7 ml) and NaBH~-Nash aq 12.7 ml of a 
solo containing 0.9g of NaBH, and 1.2 g of NaOH in 1Oml H20) 
were added and the mi~twre was stirred for 30 min at room temp. 
The s&n was saturated with NaCI and extracted with ether. The 
either soln was washed with NaCl aq, dried (!&SO,) and concen- 
trated in DBCUOI. The residue was ~~omat~~p~ed over Merck 
Kieselgel60 (Art 7734) to give 320 mg of (3S, 1 lRjd6, v,, 33%0&r, 
ml, 2900 f@, 2840 @I, l4~~rn~, l3~~rn~, I t~(rn~, l~~~rn~, 
I~~rn~~ 7~~~~ 7~~~~ cm-“; MS: m/c 536 ~~+-H*~), 

(3R, 1 I &29-Benzyloxy-3, I I-dimetlrylnonocos-l~yn-2-o 1 
C3R, lIR)-& In the same manner as described above, (38, 
lW-45 (1.4g) gave 150mg of (3R, IlRW, V- 3380(m), 
2900 (s), 2840 W, 1450 (rnk 1380 fw), 1360 (w), 1100 II& 1070 (mf, 
l~~rn)~ 740 (w) 700 {w) ~rn+~; MS: mle 536 (W-H&Q. 

OS, l lS)-29-Bmzyloxy-3, l1-dimrlhylnonacos-ldy~-2-o 1 (3S, 
IiS)4(. Hydra~i~o of f3S, llS)+!l f1.83g) gave (35: 1SQ-U 
(lW0 mg); MS: M/L 536 ~+-H*~~. The IR s~c~m was lentil 
with that of (3R, 1 IRyi. 

and’95% EtOH (7 ml) was shaken &et Hz at room temp. The 
product rifted by preparative tic Fm20x2x 
0.2 cm; EtOAc = 5:l) and r a n-peoYane 
to give mg (IO.446 from 45) lkp. 41-42”, 
[c&+&l 2 0.P (c = 0.65. n-hexan& v,, base, 3360fs9, 
2910(s), 2840(s), 1710(s), MO(s), 1380(s), 1360(s), lNO(m9, 
1 l~~m9, ll5~~m9~ I l~~w~, II M(w), I~~w}, I~(~~, 1O~~rn~~ 
l~~~rn~, 985(w), ~~(w~, ~~~s~ cm-‘; 6 tl~~Hz, CIXl,) 0.30 
(3H, deformed d, J = 6Hz). 1.03 (3H, d, J = 7Hz), 1.20 ( - 48H, s), 
1.60 (2H, m), 2.08 (3H, s), 2.45 (IH, sextet, J =?I&$, 3.55 (2H, t, 
J = 6SHz): MS: m/r 466 (M”), 

(3R, I I!$-( - ~~~y~#~y-3, 1 l-dirn~~y~~~~osan-2-blll? 
(3R, 1 ISk2. In the same ma~r as descry ache, (3R, I M) 
47 (640 mg) gave (3R, 115)-2 (121 mg, 1091, from 4!Q, q .p. 3!&40’, 
blB -6.8 f 0.3” (c = 1.0, t-heXm’$); v, 34W Es), 3360 ($1, 
base, ~(~~, l~I~~s~, ides), lease, l36OCs). l~~(rn9~ 
1170(m), llSO(m), 1110(w), 10!@(w), 1060(s), lO~(rn~, l~~rn9~ 
985(w)l 970(w), 7301s) cm- ‘; 6 ~l~MHz, CD@] 0.80 (3H, 
deformed d, J = 6Hz) I .03 (3H, d, J = 7Hz9.1.22 ( - 48H, s), _ 1.60 
(2H, m), 2&? f3H, $9, 2.45 (IH septet J = 7Hz), 3.56 (2H, t, 
J =&SHz); MS: m/e 466 (M”). 

(3S, 1 lR)-( t )-29-Hydmny-3, ll-d~~~y~~onacdsam_Zonr (3s‘ 
llR)-2. ~ydro~~tion of (3S, lXQ-47 (8ao ms) gave f3S, II&Z 
(70 mg, 4,32% from 451, m.p. 4Q-40.5”; (a3~+6.4~0,@ (c = 
0.55, n-hexane); MS: m/c 466 (M”). The IR and NMR spectra 
were identical with those of (3R, I1.!&2. 

[3R, 1lRM - )-29-Hydmxy-3, 1 l-dinwtlry~nonacusul-2-~~~ 
(3R, IfR)_2. Hydro~~~oo of (3R, 7 ~4~rn~~ gee (3R, 
flR)_2 ~~~, 5.8% from 45). m.p. 3 [~~~-~~~~.56 cc= 
0.33, n-hexane); MS: m/c 466 (W). Its IR and NMR spectra were 
ideotical with those of (3S, 1 lS)-2, 
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