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Abstract -- B&h the enant1omers of lardolure were synthes1sed .ln loo % Optical 
pxlty and 99.6 0 drastereomeric punty by use of Frdter's dlastereoselectrve alkyla- 
tlon as the key-step Since (1&,3&5~,7R_)--t~omer showed the same CRD sqn and 
bnactlnty as those shown by the natural @r-e, the structure of lar&hre was 
established unambrgucusly as (1~,3~5~7R_)-1,3,5,7-tetramethyldecyl fox-mate. 

Our recent synthetic study directed toward the elucidation of the stereochemistry of 

lardolure,' the aggregation pheromone of the acarid mite, Lardoglyphus e,l enabled us 

to propose (llS,3E,5&7R)-stereochemistry for the pheromone, as depicted in la. This 

proposal was based on our determination of the relative stereochemistry of lardolure as 

(lg*,3R*,5lJ*,7IJ*), and Y. Kuwahara's assignment of the (R)-absolute configuration at C-l 

of this pheromone.'r2 In the present paper, we report the synthesis of both the enantio- 

mers of la in order to confirm the proposed stereochemistry. 

Our synthetic plan for lardolure la is shown in Fig. 1. Previously we found that a 

lactone 6, having the same relative configuration among the three Me substituents as C- 

l-C-6 moiety of la, could be prepared quite easily from mesitol in 100 % diastereomeric 

purity.l With this in mind, la was disconnected into C-l-C-6 fragment 4 and C-7-C-10 

~OCHO - 
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Fig. 1. Retrosynthetic analysis of lardolure. 

t pheromone synthesis Part 93. Part 92, L Morni ard s Kuwahara, TBteahedrrn the e plp3r. ltxeexperi~tal 
nut of this work was taken from apart of the forthmmingdcctoralthssis of &!. K. (1%). 
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fragment 3. Although lardolure la might be prepared in optically active form also by 

consecutive applications of asymmetric aldol condensation, asymmetric alkylation of eno- 

lates and so on,3 the ready availability of 6 in diastereomerically pure form and also 

that of 3 in 100 % optical purity (vide infra) made us choose the simpler and more -- 

convergent synthetic scheme as shown in Fig. 1. With regard to the diastereoselectivity 

of Frater's asymmetric alkylation, 4*5 we had to make a preliminary experiment so as to 

investigate the reactivity of B-substituted alkylating agents such as 4, because his 

experiments had been carried out only with highly reactive alkylating agents such as 

methyl iodide, ally1 bromide and "-propyl bromide. Thus isobutyl iodide was chosen as a 

model compound. On alkylation with this iodide, racemic 3 gave the corresponding alky- 

lated hydroxy ester in 60 % yield and GLC analysis of the product revealed that the 

diastereoselectivity of the reaction was 99 %. The higher stereoselectivity of this 

reaction than that of Frdter's examples (91-97%) might be explained by an increase in the 

bulkiness of the alkylating agent. 

& RAIN6 

92 R=H 

8J R=DNB 

DNB =3,5-dinitrobcnzql 

hITPA= oc-methoxy-or-tritluoromethylphenylacetyl 

Fig. 2. Optical resolution of the racemic hydroxy acid 5. 

Both (RI- and (S)-3 are known to be obtainable in 100 % optically pure state either 

by the microbial B-hydroxylation of pentanoic acid6 or by the yeast reduction of octyl 3- 

oxopentanoate7, respectively, coupled with recrystallization of their corresponding 3,5- 

dinitrobenzoates.8rg The most serious problem in our plan is therefore how to resolve the 

hydroxy acid 5, which can be derived from 6. Several attempts to resolve 5 or its deriva- 

tives were made in vain by using either classical or chromatographic methods. Finally, we 

succeeded in the clean optical resolution of 5 by chromatographic method as shown in Fig. 

2. Ring-opening of 6 with (S)-prolinoll" gave 7 as a diastereomeric mixture in 91 % 

yield. Although this mixture gave a single spot on TLC, the corresponding bis-3,5- 

dinitrobenzoates could be separated by Si02 chromatography to give more polar 8a and less 

polar 8b in 47% and 50% yield from 7, respectively. Methanolysis of 8a gave 9a, which 

was readily hydrolyzed with N-HCl" to afford a crystalline hydroxy acid (+I-5 in 59 % 

yield from 8a, m.p. 83-85'; [a];' +4.3' (C!HC13). In the same manner, 8b was converted to 

l-)-S in 66 % yield, m.p. 83.5-85O; [cr]i3 -4.2' (CHCl3). The optical purity of (-1-S was 

estimated to be 100 % by HPLC analysis of Sa, and the absolute configurations of (+)-5 and 

(-1-S were determined as those depicted in Fig. 2, by converting (-1-S to the known 

lactone 10.12 
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Fig. 3. Synthesis of the enantiomers of 

Having secured the optically active hydroxy acids 

attention to the conversion of 5 to the alkylating agent 

with it (Fig. 3). On treatment with MOM-Cl in (&-Pr)2NEt, 
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lardolure. 

5541 

(+)-5 and (-)-5, we turned our 

4c followed by alkylation of 3 

the hydroxy acid (+)-5 gave 11, 

which was reduced with LAH to give la. The alcohol 4a was treated successively withp- 

TsCl and NaI to afford (-)-4c, [cl)~" -17.9“ (CHC13), in 92 % yield from (+)-5. In the 

same manner, (+)-lc, (1~16~ +18.1' (CHC13), was obtained in 87 % yield from (-)-5. Alkyla- 

tion of (S)-3 with (-)-4c was carried out according to Frdter's procedure8" to give 2 

(R=MOM). In this case, the desired ester 2 and its C-2 epimer were not separable by GLC 

and the corresponding 3,5_dinitrobenzoates were indistinguishable by HPLC. We therefore 

could not determine the diastereomeric purity of 2. However, our preliminary experiment 

mentioned before allowed us to estimate the diastereoselectivity of this reaction to be 

about 99 %. LAH reduction of 2 gave a diol 12a in 79 % yield from (-)-4c. Dimesylation 

of 12a followed by LAH reduction and acidic treatment afforded lb in 62 % yield from 

12a. Finally the alcohol lb was formylated with HC02Hto give (lR,3R,5R,7R)-la, in 91 % 

yield. Similarly, (1&3&5S,7S)-la, was synthesized from (l&)-3 and (+)-4c in 34 % overall 

yield. The IR, 'H NHR, 13C NMR and mass spectra of (+)-la and (-)-la were in good accord 

with those of the natural pheromone. The optical purities of our synthetic pheromones 

were determined to be 100 % by HPLC analyses of their corresponding MTPA esters lc. GLC 

analyses of (+)-la and (-)-la revealed their diastereomeric purities to be both 99.6 %. 

They were contaminated with only 0.4 % of their corresponding C-7 epimers, which resulted 

from the slightly incomplete diastereoselectivity in the course of the alkylation of 3 

with 4c. 

The ORD spectra and bioactivities of our synthetic pheromones were compared with 

those of the natural pheromone. (lI7,3I7,5E,7R)-la showed a positive Cotton effect in the 

range of about 200-240 nm, which was almost the same as that shown by the natural phero- 

mone. On the other hand, (ls,3g,5&7g)-la showed a negative Cotton effect. Furthermore, 

only (llt,3lt,5&7I&)-la was bioactive. Therefore, we established the structure of lardolure 
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as (1&3R,5R,7lJ)-1,3,5,7-tetramethyldecyl formate. 

Finally a comment should be made on the sign of the specific rotation of lardolure 

enantiomers la. We secured both the enantiomers of la in quantities sufficient for accu- 

rate ["ID measurements. The specific rotation of (l&3&5&7@-la was shown to be [alg3 - 

3.4O (n-hexane), and that of its antipode was [ali +3.6' (E-hexane). According to Y. 

Kuwahara et al - -*, the natural pheromone was dextrorotatory when measured with an ORD 

spectrometer, although the exact value at Na D-line could not be read at c=O.l in "- 

hexane.2 Our own ORD measurement at c=6.64 in g-hexane enabled us to read the [al, value 

of (lg,3lI,SI7,7g)-la as -3.9’. However, at c=O.l in;-hexane, we were unable to read the 

exact [al, value due to the small S/N ratio under that condition. 

Y. Kuwahara et al. deduced the @)-configuration at C-l of natural lardolure basing -- 
partly on the comparison of the positive sign of rotation at Na D-line of the natural 

pheromone with the negative rotation of (S)-1-methylheptyl formate 13.2 We prepared both 

the enantiomers of 13, and measured their rotations: (R)-13, [al;" +5.6O (n-hexane); (S)- 

13, [ct1i4 -5.1° (g-hexane). It thus became clear that (lR,3g,Sg,7R)-(-)-la showed the 

sign of rotation opposite to that of (g)-(+I-13. Their ORD spectra, however, exhibited 

the same positive Cotton effect with a peak at 234 nm. We therefore reached to the well- 

known conclusion that we should compare not the sign of the rotations but the shape of the 

ORD spectra of two compounds for the purpose of stereochemical correlation. Reinvestiga- 

tion was made also on the 'H NMR studies on la and 13 using a chiral shift reagent as 

reported by Y. Kuwahara et al. (see Experimental).' In agreement with their data, 

(1&,3&5&,7R)-la and @)-13 were shown to belong to the same stereochemical series with 

@)-configuration at C-l. Y. Kuwahara's correct stereochemical assignment at C-l was 

therefore the result of a combination of the sound interpretation of the 'H NMR data of la 

and 13 and the incorrect guess concerning the sign of the rotation of natural la. The ORD 

spectral comparison must have been a better way. The difference in the sign of rotation 

at Na D-line of (lR,3R,5lI,7@-la and that of @l-13 should be due to the effect of the 

three additional Me groups of la on optical rotation. 

EXPERIUENTNI 

Allhpsandm.pswere uncorrscted. IR spectra were measured as films for oils or as nujol mulls for solids on s 

Jssrn IRA-102 spxtrometer. 1 H~spectrav-reoordedwithTPlSasaninterrralstandard at60~NHs incc14cm s Hita&i 

R-2&l spectrometer unless otherwise stat&. 13C NMR spectra were recorded at 25 Nliz in CCC13 with TMS as an interns1 

st.ar&rd al a JDX JPM Fx-100 spectrometer. optical rotations were measured cm a Jasco DIP 140 pslarimeter. ORD s-a 
were recorded an d Jdsco J-202 spactropolarimeter. Ma88 spectra - remxded OD a JECE m-303 spectrweter, or al a 

HitachiRNU-6N spxtrometerat70eV. QI:snslyses wereperformezlon d Y.3nsooCi1SO gas dxomatcqra* Pujigsl SW S2C-NH 

ws8 used for SiqZ column chrc+natogra*y unless otherwise stated. wu: analyses were performed cm Nucleosif 50-5 column 

(25 cm x 4.6 mm) by the detection at 254 in. 

N-~~tR*,4S*,6S'~d-~-2,4~methyl~~yll-~S~-polinol 7. A soln Of 6 (12.0 q) and (~)-lX0linol (Ed 4) in dry 
toluens (30 ml) was stirred for 32 h at 80-90'. llm mixture ws mncantrati in MM 'lhe residue was chmmatografhed -- 
war SiO, (Nerd Kieselgel 60 Art 7734, 400 gr kenzene-EtIXc) to give 17.9 g (91 0) of 7 as a visaus oil, vmax 34CIJ (a), 

3000 (a), 2960 (6). 2900 (61, 1620 (s), 1470 (81, 1440 (81, 1055 (m), 760 (s) cm-18 6 (CLX13) 0.90 (3H. d, J=6 Hz), 

LO-l.3 (6H. m), 1.3-2.3 (9H, m), 2.35-2.97 (1H. m), 3.1-4.0 (5H. m), 4.03 (2H, 8, OH), 4.0-4.4 (1H. m)r m/r 258 (N++l), 

257 (I(+), 2% (N+-1). 242 CM+-15). 227 (N+-30). 226 (N+-31). 

N-~~2S14R,6R~-2,4-Di~ethy1-6-~3,5-dinitro~nsoy1o~)he~11~~3,5dinitnbenzoy1~-~S~-~1~1 Ba and N-[(tR,Qs,&9)- 

2,4-Dimethy16-~3,5dini~loxy~hll~~3,5diniuobenzoyl~-~S~-~linol Eb. 3,5-Dinitrcbenzoyl chloride (16.0 
g) wss added pxtionwise to d stirnxl and ice-cooledsulnaf 7 (7.0 g) in dq C5H5N (105 ml). l%e mixture was stirred for 2 

h atrcomtemp It was w into ice-sat NaHCq q and extracted with C?K!13. ?ha cHc13 soln wss washed with sstNsHUl3, 
sat-4 aq and brine, dried (N@J4) and concentratedin vacua Ihe residue was chroratcqe@wd over SiO2 (Nerck Ktesel- -- 
gel 60 Art 7734, 303 g$ benzene-Et&) to give la7 g of s mixture of &a ad 8h TLC analysis of it [Merck Kieselqel 60 P- 
254, dsvelqxd with bsnzerm-I'+IF (S:l)l: Rf 0.43 C&i), 0.51 (Rb). 'Ihis mixture wss separated bychtvmstograEhy~SiO2 
[Merck Kiese1ge16OArt 9385, 800 g, benzsne-llw (30:1)1 to give S.2E g (94 9) of 8s Md 9.57 g (quant) of 8b. Ba ahowedtbs 

following poparties: vmax 3130 (In), 3ooo (Ill), 29% Cm), 2900 Cm), 1730 (61, 1635 (a), 1550 (8). 1350 (s), l2eO (6). 1175 

(8). 760 (6). 725 (8) cm-12 6 (cDc13) 0.8-1.25 (6H. m), 1.40 (3H, d, 536 Hz), 1.25-2.35 (9H, m), 2.35-3.0 (1H. m), 3.4-3.9 

(2H. m), 4.2-4.7 (3% m), 5.Cw5.65 UH, in), 894-93 EZi, m). HPIC sna1yses of as and 8b I~-hwuwlw (4:l). 1.6 ml/minl: 
Rt 14.5 min (Rb, single peak), la9 min (8s. single peak). ~~~NMRspectraofBbwerealmoetthesameasthoseof 

68. l%ese were employed in tbs next steps withcut further plrificatim 
6-H#roxy-2,4+imethylhelztanoic @ 5. (a) (2&4&6R_)-(+)-Isomer: K2.W3 (0.26 g) ws added to s soln of Ba L?%2 g) in 

Meal 050 ml) and 'ItiP (35 ml). tie mixture wss stirred for SD min at room temp After neutralization with v H$. the 
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mixture wSS filtered and the filtrate wa8 concentratedin vaaw. Ihe residue was trituratd with ether ad the ether eoln -- 
wSS c0ncMtrat.d in VB- ti residue was chrcmatogr&Sd over SiO, (120 g. (Hc13-lW) to give 13.6 9 of 9a 8s a vi- -- 
oil. This (13.6 9) was mixed with N-HCl aq and the mixture was stirred for 50 min unkr reflux. After ozoling, the 

mixture was extracted with ether. l%e ether Boln was washed with brine, dried (w4) and ccncentrated in va- l%e -- 
residue wa8 chromafqra~ over Siq (100 a N-1 and recqstalli& fmm z- benne-etber UO:l) to 9ive 464 9 

(59 , frull am) of (+)-5 aa needles, m&b S3-8S01 1.163 +430 (lYS.50, cW13)r "iTax 3330 (In), 2970 (s), 2940 (s), 2e60 (s), 

2600 (ml, 1680 (s), 1450 (8). 1380 (m), 1280 (61, 1110 (a), 1090 (8) cm-'8 4 (CDC13) 0.88 (3H. d, J-6 Hz), 1.13 (2x3& d. 

J-6 Hz), l-3-2.0 (5H. ml, 2.2-2.8 (1H. ml, 3.5-4.1 (IH, m), 6.36 (2H. s, OH and COOH). (Pound: C, 62.35~ H, 10.34. Calc 

for C+l&: C, 62.04; H, 10.41 t). (b) G!&4g,6S_)-(-)-Isome: In the same m-r as described atwe, 8b (34.6 9) yielded 
6.12 9 (66 %) of (-1-S. as needles, m.pa S3.5-S5°, [old3 -4.2' (c=S.69, CHC13). (Found: C, 62.05; H, 10.25. Calc for 

'+Hl@,: C, 62.041 H, 10.41 9). Its IR and NHR s-a were identical with those of (+1-S. Ihe conespurling (El- and 
(g)-WlTA esters h were lxnem from the methyl ester of t-j-5 [obtained by the treatment of t-j-5 with CSip2 in ether1 
and analyzed by HPIC I@exane-l%iF (4O:l) 1.6 ml/mini: Rt 14.6 min I@)-WIPA ester, single peak], Rt 12.6 min [(El-HTPA 

ester, single peak]. RRrefore the optical pxity of (-1-S ~88 100 0. 

Qmversicm of (-1-S to the known lactxne 10. 'I% Me ester of t-j-5 (0.313 9) was oxidized with Ax: 0.2 9) in DHF &4 ml) -- ---_ 
to give a keto aster (a307 9). Eaeyer-Villiger oxidation of the keto ester with excess CFfiH and Na$+F04 (1.08 9) in 

CX2C12 (3.3 ml) 9ave an acetoxy acid (0.214 9), which was hydrolyzed with 2 N-t&%X aq (1.l ml) in DNSJ (2 ml) to give a b- 

hydroxy acid (0.123 9). It was then cyclized as usual Q-Tsai HF. 0.02 91 benzene, 2 ml) to give 10 (0.075 9, as needles 
from z+exane), m.p 43-46'; [=I# -41' (c-0.39, alc13) llit12 Ia1~5 - 41~' 
1160 W, 1110 (6). 1050 (ml, 1040 (III) cm-11 6 (UCl3) 0.97 (3H, d, J==5 Hz), 

((HC13)lr vmax 1740 (~1, 1345 (ml, 1210 cm), 

1.24 UH, d, J=6 Hz), U--Z9 (4H. m), 3.5-45 

(2H. m). 
Methonymethyl 6-methaymethoxy-2,4-dimethylhe@canoate 11. (a) (2~,4Igr$-1eome WX-Cl (5.0 ml) was added to a stirred 

ard ice--led soln of (+1-S (441 9) and Q--pr@Et (11.6 ml) in dry 0i2C12 (40 ml). 7% mixture was stirred for 30 min 

at 0' and for 40 min at rmm temp It was poured into ic-z-satNaH003 aq and extracted with ether. Ihe ether soln was 

wasbed with water ard brine, dried (K2033) & ace&rated in vacua to give 662 9 of crude (2g,+,f+-ll, vrnax 2980 (~1, 

1740 (s), 1140 (S), 1090 (s), 1040 (8). 920 W an-l. 
-- 

l?& was employed in the next step withcut further pu-ificaticsl. 

(b) :2R,4S,+-Isomer. In the same manner as described ahxe, C-1-5 (4.0 9) yielded 6.1 9 of cnxle (2&4&6s_)-11. Its IR 
spact&n-was identical with that of (22,4&6R_)-1L 

6-Metbonymethxy-2,4-dimethyl-I-he-1 k (a) C2~,4&6+Iscnner. A eoln of cnde (294&6R_)-11 (6.62 9) in dry ether 

(20 ml) was added to d stirred and icemoled suspension of LRH (1.41 9) in drv ether (95 ml). Ihe mixture wd8 stirred for 

70 min at ream temp lbe usual alkaline work-up gave %36 9 of crude (2S.4&6R_)-b, vmax 3450 (?a). 2980 (s), 2950 (s), 

1460 (ml, 1380 (m), 1140 (ml. 1100 lm), 1040 (~1, cm-l. This was employed in the next step without further plrificaticm. 

(b) (2P.,4S,6+Isomer. In the sane manner as described above, @,4&6s_)-11 (6.l 9) yielded 5.0 9 of cNde (%4g,6s_)-la. 

Its IR-s&ctrum was identical with that of (2g,4$+-4& 

6-Netboxymethoxy-2.4-dimethylheptyl tcaylate 4b. (a) (294&6x+Isaner. @SC1 (87 9) was added to a soln of cru& 

(2&4&6_)-4a (5.2 9) in dry C5H5N (40 ml) tier ice-molitq.- After stirring for 3.5 h at O-5". the mixture was pcured 

into ice-water and extracted with ether. Ihe ether eoln was washed with sat cusO4 .q, water and brine, dried (MqS34) ard 

concentrated in V.XUY to give 9.1 9 of crude (2g,4R,*)-lb, umax 2930 cm), 2950 (m), 1600 (w), 1360 (s), 1190 (s), lle0 -- 
(6). 1040 W cm-l. ?his was employed in the next step witit further plrificatia (b) G!P&?&%-Isomer. In the same - - _. 
manner as described above, (zR_&W-la yielded 9.0 9 of crude G?g,4&6+4lh Its IR spectrum was identical with that of 

(2~,4R,rig-&. 

I-Icdo-6-mett?xymetbaxy-2,4dimethylhe@ane 4c (a) G!g,4&6_)-(-)-Isomer. cWa33 (18 9) and NaI (a0 9) were aided to a 
eoln of (2S,4%6R)-lb (9-l 9) in acetone-DNF (2:l. 120 ml). The mixture was stirred overnight at 70'. It was pxr& into 

ice-water &i&trdcted with ether. Ihe ether soln was washed with 10 0 Na&O3 aq ard brine, dried (K2CO3) and concen- 

trated in VXUO. Ihe residue was chromatcqra#& - Si02 (SO 9r n-hexane-ether) and distilled to give 7.ll 9 I92 0 from -- 
(+)-51 of (2~,4gg)-(-)-lc, hp 7S"a3"/csO7 nx-rl I$4 l.4766; ,a,# -17.90 (&US, cxC13); vmax 2980 (s), 2950 (s), 1460 

(ml, 1380 cm), 1200 cm), 1140 (m), 1100 cm), 1040 (s), 920 (ml, cm-11 6 0.90 (3H, d, J=S Hz), 0.98 (3H. d, J=5 Hz), 1.12 

(3H. d, J=6 Hz), 1.2-2.0 (6H. ml, 2.95-3.3 (2H. m), 3.24 (3H. 81, 3.4-3.9 (iii, m), 4.38 (lH, d, J-7 Hz), 4.54 (1H. d, J=7 

HZ). Wcuxl: C, 42268 H, 7.40. Calc for C11H2&I: C, 42.05; H, 7.m %). (b) Q&4&6+(+)-Isomer. In the same manner 

as described above, 0!?.4%6S)-lb (9.0 9) yielded 6.3 9 187 t from (-J-51 of G!lUS 6.W(+)-lc, l&p S2-87°/O#3 TOrn I# --- 
1.47801 rol,j' +1&l' (c-2.66, CHC13). (Found: C, 42.488 H, 7.46. 

- _* _ 
Calc for CllH23021: C, 42.05; H, 7.38 a). Its IR and 

NMR spectra were identical with those of (+I-4c 

Hethyl 2-(l'-hydroxypropyl)-S-~ethoxymethoxy-4,~ime~yl~te 2. (a) (2&4s@,I3+'~)-Ifamer. A soln of IA4 was 

prepared by the addition of a soln of l-EuLi (1.65 N in g-h-, 56 ml) to a stirred and cooled ~oln of @-Pr@H (14 ml) 
in dry lWF (82 ml) at 0' under Ar. To this mixture was a&led a soln of (5)-3 (6.00 9) 111 dry lW (30 ml) over a period of 
30 min at -78'. After stirring for 50 min at -3U-20' , a soln of (-j-&z (X90 9) in dry lliP (15 ml) ard dry HMPA (64 ml) 
was added to the mixture in ax3 porticm. It was then stirred for 15 h dt -1WO'. ?he mixture was quenched with sat 

NTi4Cl aq and extracted with ether. 'Ihe ether soln was wasbed with water ard brine, dried WqSO4) and concentratej in - 
VXuh Ihe residue was cbromatcqr&ed aver Siq (Merck Kieselgel 60 Art 9385, 4009f E- bexane-m) togive 4Sf19of a 
mixtuee of (2&4+%%1'S)-2 and W-3, "m&x 3500 (In), 2Wl (81, 2950 (8). 1740 (51, 1170 (8). lwo (8) cm-l. Ihe ratio --- 
of (2&4s.%cul.l'S)-l2 and (51-3 was abxt 1:l by NMR analysis. 'Ihis mixture wa8 employed for the next step withcut 
further plrificaticm. (b) 0P.,4R,~,Bs~l~)-Isaner. In the same manner as described ahove, @j-3 (2.95 9) am? (+)-4c (1.91 
9) yielded 1.72 9 of a m&u& of (21&41+&~,lT+2 and @j-3. Its IR spectrum was wry similar to that of the above 
mixture. 

2-~6'-Hethoxymethoxy_~,4'dimeUlylheptyl~-l,fpentanediol 12a. (a) C2&ig,2'g,4‘&6'+Isomer. A soln of the mixture of 

(234s&ST&~g)-2 and CS)-3 (430 9) in dry ether (20 ml) was a&led to a stirred ti i -led suspension of IAH (1.2 9) 
in dry ether (60 ml). 'Ibe mixture was stirred for 80 min at - temp 'Ihe u-1 alkaline work-up gave an oil, whi& was 

c+uomatogra&d - SiO2 (70 98 +exane-EUXc) to give 2.70 9 [7'3 \ fran (-)-4~1 of W.,3.%2'~,4~6~~-12& vmax 3403 
(ml, 2980 (s), 2950 (s), 1460 (ml, 1380 cm), 1140 (ml, 1100 (m), 1040 (s) cm-l, 6 0.7-1.0?9& m), 1.12 (3H. d, J-6 Hz), 
1.2-2.0 (11H. m). 3.29 (3H. s), 3.2-4.0 (4H. ml, 3.83 (ZH, 8, OH), 4.45 (XI, d, J-7 Hz11 MS: m/z 243 CM+-18-29). 241 CM+- -- 
18-31). 229 (M+-61). (b) (2g,3~,2'Ij,4'~,6'~)-Isomer. In the same manner 88 described above, the mixture of 
(2i&4~,6~,8~,1'~)-2 and (El)-3 (1.62 9) yielded 1.11 9 [67 8 from (+1-&z] of (2g,3&2'l&4'g,6'~)-12.% Its IR, NMR and MS 
spectra were identical with those of @.$,2'g,4'&6~)-12a. 
S-Wesylaxy-7-mesylcqmethyl-2-methcqme~4,6-dim&hylurx%ane 12b. (a) (2%4Wg~7IWS)-Iaomar. MeCl (2.2 ml) was -- 
&ej. to a stirred am? icecooled soln of QR,3S,2'g,4%6~)-lZa (255 9) and G3N-(5.2 ml) in dry at2C12 (43 ml). l%e 
mixture was stirred overnight at O-5O. It wSSEx;r.d into ice-water and extractej with ether. nm ether aoln was washed 
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with eat- arli brine, dried (MgSD4) and ocnoentreted i"MCU)tngiVB 42ogofcnde (2&4R&7&a9)-12& vmax 2980 -- 
(.%I), 2950 (s), 1360 (s), 1180 (8). 1040 (a), 915 (8) cm-l. 

_- -- 
tis was ampl@ in the nut step withcut further puifica- 

tic.% (b) (Zs,+,6&7S,8l+Ieomer. I" the same ra""er aa described above. (2S.3&2'&4'&6'S_)-lk (l.C0 g) yielded l.40 g 
of uule @,4&~?..,~)-12 Its IR ape&rum was identical with that of C2&4&~,~+-12lb 

2- Metbowmethaxy_4,6,8_trimethyl~ 120 (a) 'u&4%6%8R)-1aomer A ml." of @&&.9,7%8S)-12% (ex, g) in dry 
THP (45 ml) vim added to a etirred suspension of w1 &3-g)-iRdry lWF (40 ml). 'Ihe mix&-was stirred overnight rrndar 
reflux. lte usual alkaline worlt_upgnveMoiL which was &rxxnatcgra~overSi~ (Merc*x&&oolumn~ rwEtoAc) 

to give l.90 g of (2%4%6&8R)-12c, umax 2980 (a), 2940 (8). 2860 (ml, 1460 (ml, 1380 (m), 1150 (ml, 1140 (ml, 11W (ml, 
1045 (8). 920 (m) =rn-5 a 0.7-1.0 (12~. m), 1.10 (3H. d, J-6 Hz), LO-l.9 (13~. m), 3.22 (3H. s), 3.4--3.9 (lH, ml, 4.38 
(lH. d. J-7 Hz). 4.50 (1H. d. J-7 Hz)) MS: m/z 243 04+-15). 227 (M+-31). 213 (H+-45). 197 Of+-61). (b) (2~,4s,6&8~,- 
Isomer. I" the same ma"ner 88 described .&k, c+&96R7s 6To-12b 0.40 g) yielded 052 g of (2+4&~8+12G -0 I I - Its IR 
and NMR spectra wre identical with those of (~~~8R)-120 

4.6,8-Tknethy1-2-wdeca"ol lh (a) (~4&6&~)-1&k -_ lb a eoln of @,Q&BR)-l2c (l.75 g) in Meul (45 ml) ~a.9 _-_ 
added c~nc HCl (0.3 ml). The mixture was stirred under reflux for 1.5 h. It was poured into ice-sat NaHCO3 aq and 
extracted with ether. lbe ether eoln was wastw3 with brine, dried (Mg934) cod concentrated in VBM Ihe residue ~a* -- 
chromto9ra*d over SiO2 (Merdc Rieselgel 60 Art 9385, 60 gr c-lwrane-EtQAc) ard distilled to give LOB g 162 0 from 
(2~.3~.2'~.4'~.6'~)-12al of (2$4$6I&BR)-lb, hp. 77-78O/O.25 Torr; d4 1.4389; [ala3 -128' k=!X.42, m13)r vmax 3360 

(m). 2980 (6). 2940 (m), 2860 cm), 1460 (in), 1380 cm),1155 (ml, 1115 (ml cm-l$ 6 0.7-1.0 (12H. m), 1.12 OH, d, J=6 Hz), 
1.0-2.0 (13H. m), 1.74 (1H. 8, OH), 3.5-4.0 (1H. ml. (Found: C, 78.22, H, 13.88. Calc for C14H300: C, 78.43; H, 14.11 %). 
(b) t2$4&~,~,-1-. I" the same m-r as described above, (2S,4.9,~,~_)-12~ (0.515 g) yielded 0.389 g [58 8 from 
(2~,3~,2'~,4'~.6'~)-lkl of CZS,4&6S,SS,-lb, b.p. 95-96'/1.2 Toert nz4i.43S7, [ali3 +12.7O (c-5.60, CHC13). (Found: C, 
78.211 H, 14.04. Calc for C14H300: C, 78.431 H, 14.11 t). Its IR and NMR spectra were identical vith those of 

(2$QR,~,@-lb. 
1,3,5,71wamethylckyl formate la, 69) (l&3R#%7ro-(-kIa -_-- A mixtllre of QR,4%~8R_)-lb (0.60 g) and Hm;J (,98 
% Pity, 15 ml) was stirred for 1.5 h at 65'. It vaa poured into ice-sat NaHco3 GaZ extracted with ether. ?he ether 
suln was washed with sat NarKD3 aq and brine, dried (Mg904) end onwntrated in vacuz. ltx residue ~a8 duumatzqraFhed -- 
over SiO, (Merdc Kieselgel 60 Art 9385, 55 g, ~lwww-ether) ard distilled to give 0.62 g (91 8 of (1~,,3R,~,7R_)-l(4 kp 
84-+7°/l.0 lkrr "a3 l.4290; [ala3 -3.4' (07.86, n-h-), [OILY -1.7O k=10.5, (cHc13h aRD t-63, +exane) k&& - 

woo, rll1aa2 o". [.I& +4300; vmax 2980 (8). 2940 (a), 28% (m), 2860 (ml, 1735 (8). 1465 (ml, 1380 (ml, 1190 (81, 1130 
(ml cm-l, 6 (lOOMliz, CLX13) 0.8-0.95 (12H, ml, 1.26 (3H, d, J-6 Hz), 0.95-1.9 (13% m), 5.0-5.35 (1H. m), 8.05 (1H. s), 

13C NMR: 6 14.42, 20.01, 20.30, 20.42, 20.65, 20.94, 26.56, 27.35, 29.75, 39.02, 43.06, 45.37, 45.54, 69.06, 160.8% GLC 
(mblumn, Ov-101, 50 m x 0.25 mm at 100' + 1°/mk Carrier gas, N2, 25 ml/min) Rt 82Amin [99.6 8, (l&3&%7R)-lal, 83.5 ---- 
min IO.4 8, (1&*5%7s)-epimerl : @am% I& 196.2209. --_- 
for C15H3002: C, 74.32~ H, 12.48 0). The 'H NMR, 

Calc for C14H28: 1X.2191). (Fc*md: C, 74A70; H, 12.35. Calc 
13C NMR and inas8 spectra were identical with those of the natural 

&?rcma% (b) (1s 3s 5.9 7S)-(+)-Isomer. In the same rcanner 1 2 2 - as described atee, t~$,&_,~_,S_1-lb (03 g) yielded (130 g 

('38 %) of (193&55,7S)-la, h@ 66-%7°/l.Z ltrrs 14~ l.4289; [ala3 +3.6°60(c=5.98, I-hexane), [.lg3 +1.8' k=lO5, QIc13)1 

QID k=o.114, n_hexane) Ial@, +lolo~, [01s32 on, tal~$6 -45001 GIZ KBlumn, w-101, 50 m x 0.25 mm at 100' l lO/min; 
Carrier gas, N2, 25 ml/min) Rt 82.4 min [99.6 t, (1s 3.9 55 7S)-la], 83.5 min 10.4 0, @,~,$,X+epimerl. (Faud: C, -* 2 I - 
74.03; H, 1235. Calc for C15Hj002: C, 7432; H. 12.48 a). %z 1~ NP(R arrl 1% ~74~ spectra were identical with those of 

(~,3$sl&7$-laa. 
lktermi~tim of the optical pxity of (+)-la & (-)-la. -- Both (+)-la ard (-)-la were camrerted to the correspading (R)- 
MTPAesterl~tia~lyzedbyHPIL I+?xw- l.2-dichlorce~ (2+X:1), 1.3 ml/mini: Rt 49.1 min [(lS,s.5s,7g-lc. single 

peak], 595 mi" I(l&~~~_)-lc, single @I. 'Iherefore k&h (+)-la and (-)-la - show" to be optically pus 

1 formate 13. (i) (l&3%%.,7R)-(-~-1& At -02 i" "-hexane: ra@'o 
%6~?%&~;:t~~a~&- -x3' (data not legible); a; &6.64 in rh-: [a@,., +16', [al332 0°, 
[ali& -3.9'1 liL2 at e0.l in +axa"e: [aIs&, -515'. [0@7 0°, r=l& +4CO", loI& + (data not legible). (ii) @I-l- 

Wethylhepthyl for-mate @J-13: 101~~ +5.l' (neat, d+.855l)r [.l~4 +5.6' k=5.O2, +exarml, which was prepared frc+n (RI- 

I-oceanOl: [alA4 -9.1° (neat, d@.8133, ?t&yo Kasei Ca. Ltd.). CRD k=3.l77. +xxa&: [oil 0 -322". ra11$7 0'. I01124 
+441o, ra1&J +2w,101?& -00 (data not legible). (Sk1-Methylheptyl formate (5)-13: [.I at -4.7 ' (neat, d~5-0.8S32), 

[.I64 -uo k=s.lo, @exa"e), whi& was Fcepared from (s)-2-cctanol: [ali +a9' (neat, da4=0.8132, Tokyo Kasei Cn., 

Ltd.). 
HMR study of la and 13 in thepcesenca -- 
mq) and Eu(TFCj3 z mg, 0.2eq) in CC14 

of E2PllO-+ (i) A mixture of (1~3R~~7@-la (153 mg), (1~,,3S.5S.7~)-la (29.0 
(05 ml). Chemical shifts of C-l Me groups: 6 2.06 (3x0.65H. d, J-6 HZ), 2.11 

(3x0.35H, d, J=6 Hz). This means that the C-l He group of (1&3E,5R,7&)-la has a larger 6 value than that of 

(193+?+7~)-la i" the Pr=xexx of Fwflr), (ii) A mixture of CR)-13 (154 m-g), @)-13 (24.4 mg) and FuIw3 (45 mg, 

0.2eq) in CC14 (0.3 ml). Chemical shifts of C-l He groups: 6 2.09 (3x0.61H. d, J-7 Hz), 2.13 (3x0.39H. d. J-7 HZ). In 

this case also, a doublet due to the C-l He group of the (El-e~ntiomer was &served at a lower field. 
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