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Abstract -- (lR.3R.5R.7R_)-Stereochemlstry was assqned to lardolure (1,3,5,7-tetra- 
methyldecyl form&e) cn the basis of GLC comparison of the Mtural #~eromone with the 
synthetic fieromones prepared m partially ster- trolled manners. 

Lardolure was isolated by Y. Kuwahara etal. as the aggregation pheromone of the acarid -- 

mite LardoglYphus konoi (Sasa et Asanuma) (Acarina: Acaridae), a primary pest for stored 

products with high protein content such as dried meat and fish meal.' Its structure was 

determined spectroscopically as la and confirmed by synthesizing a diastereomeric mixture 

of la.' In addition, @)-configuration was assigned to C-l of la by the comparison of the 

natural pheromone with (S)-1-methylheptyl formate. Their optical rotations as well as the 

NMR spectra measured in the presence of a chiral shift reagent were compared.' However, 

the relative stereochemistry of the pheromone la remained unknown. In connection with our 

synthetic studies on optically active pheromones, 2 we became interested in establishing 

the stereochemistry of this pheromone. 

Because of the presence of four chiral centers in la, eight diastereomers possessing 

(R)-configuration at C-l are possible for the structure of lardolure. Therefore we must 

determine the relative configuration of lardolure. The key to this problem was found in 

Y. Kuwahara's observations:' (1) the synthesized mixture consisting of eight diastereomers 

of la gave seven peaks when analyzed by capillary GLC; (2) among them, the peak having the 

shortest retention time coincided with that of the natural pheromone. By using these 

interesing observations, we planned to determine the stereochemical relationship among the 

chiral centers. 

Cur strategy is based on the following consideration: if a mixture consisting of 1,3- 

syn-diastereomers of la can be prepared stereoselectively and the natural pheromone coin- 

cides in GLC retention time with one of them, it is possible to assign 1,3-syn-relatial- 

ship to the natural pheromone. The same consideration is applicable to both C-3,5- 

t PheroKne synt4msis Part 92. Part 91. IC. Mm-i aml T. %ata, lbtr- inpmss. l%experimantalpart of this 
wxkW~takenfmaplrtofthef- in9 hctral thasis of S If. (1%). 

5545 



5546 K. MORI and S. KUWAHARA 

relationship and C-5,7_relationship, so that it must be feasible to correlate the configu- 

ration of the four Me substituents of la. In order to obtain 1,3-SJJ-dimethyl building 

blocks required for the preparation of 1,3-m-la, 3,5-m-la and 5,7-s-la, catalytic 

hydrogenation of polymethylphenols was chosen by virtue of its cis-selectivity and simpli- - 
city. 

Our synthesis of 1,3-a-lardolure (lF&*,3R*)-la is shown in Scheme 1. Catalytic 

hydrogenation of 2,4-dimethylphenol was followed by Jones' oxidation to give the known 

ketone 2 (cis:transzS5:15).3 -- On oxidation with MCPBA, this ketone gave 3a in 94 % yield. 

Alkylation of 3a with l-iodo-2-methylpentane afforded 3b in 51 % yield. This was reduced 

with DIBAL-H to give a mixture of a lactol 3c and the corresponding hydroxy aldehyde. The 

Wolff-Kishner reduction of the mixture gave (2E*,48*)-lb, which was esterified with HC02H 

to give 1,3-w-lardolure (1R _*,3g*)-la in 63 % yield from 3b. The result of its GLC 

analysis is shown in Fig. 1, where four large peaks and three small peaks can be seen 

clearly in agreement with Y. Kuwahara's observation. Since this synthesis started from 

the cis-rich ketone 2 (85:15), the four large peaks A, C, D and P, should be ascribed to - 

1,3-s-la and the three small peaks, B, E and G, to 1,3-anti-la. Among them, peak A 

showed the same retention time as the peak of the natural pheromone by the coinjection 

analysis of (lE*,3g*)-la with the natural pheromone. 1,3-W-Relationship was therefore 

assigned to the natural pheromone. 

SchePe 1. Synthesis of 1,3-e-lardolure. 

R=H, X,Y=O (1 R:3Ft,-lz R&HO 

R= CH3~H2)2CH(CH3KH2 

X,Y=O 

R=CH3(CH212CH0i3)CH2 

X,Y= H, OH 

Pig. 1. GLC separation of the 

i-s of 1,3-z-lardolure. 

(Column, ov-101, 50 m x 0.25 mm at 

100° + O.S’/minr Carrier gas, N2, 2s 
ml/tin) 

t30 135 I40 l45(mid 

Next we turned our attention to the elucidation of the stereochemical relationship 

between C-3 and C-5 of la. Since the relative configuration between C-l and C-3 was 

already assigned to be s, we decided to synthesize 1,3,5-syn-lardolure (lg* 3R* 5R*)-la 1-t- 

instead of 3,5-e-lardolure (Scheme 2). Catalytic hydrogenation of mesitol gave a dias- 

tereomeric mixture of 2,4,6-trimethyl-1-cyclohexano14 containing 4a (50 %) and 4b (44 %). 

The mixture was purified by Si02 chromatography to give crystalline 4a (35 % yield, mp. 

68-70") and oily 4b (39 % yield). On oxidation with Jones' reagent, both la and 4b 

yielded 4c as a single product in 89 % yield. In the 13C NMR spectra of 4a, 4b and Ic, 

only six peaks were observed reflecting their symmetrical structures. Raeyer-Villiger 

oxidation of 4c gave 5 in 98 % yield. LAH reduction of 5 afforded a diol 6a and its 

primary OH group was tosylated selectively to give 6b in 66 % yield from 5. Coupling of 

6b with 1-methylbutylmagnesium bromide5 followed by esterification gave 1,3,5-c-lardo- 

lure (lE*,3g*,SK*)-la as a mixture of epimers at C-7 in 41 % yield from 6b. As shown in 

Fig. 2, its gas chromatogram gave only two peaks (A' and B') as expected, and peak A' was 

identical in retention time with peak A shown in Fig. 1 by the coinjection analysis of 
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Q-Q-Q- 
42 X=OH, Y=H 5 

4J X=H,Y=OH 

42 X,Y=O 

ROU -*R 

e R=H (2R:4R*,6R*)-s R-H 

6J R=Ts (1 R*,3Rx,5R*)-l_a R&HO 

Pig. 2. c;Ic separation of the 

i-s of 1,3,5-tg=-lardolure. 

(Column, OV-101, 50 m x 0.25 mm at 

llO" + 0.5°/min~ Carrier gas, N2, 27 

ml/Ulin) 

A’ 8’ 

L 
100 l05 1lOhid 

Scheme 2. Synthesis of 1,3,5-syn-lardolure. 

(lIJ*,3E*,SE*)-la with (lE*,3s*)-la. Thus peak A' appeared at the same retention time as 

that of the natural pheromone, because peak A coincided in retention time with the peak of 

the natural pheromone. Since peak A' was due to one of the C-7 epimers of (lz* 3R* 5R*)- 1_1- 

la, we reasoned that the natural pheromone also had (lE*,3E*,5I&*)-stereochemistry, i.e., 

1,3,5-gg-relationship. 

,5---- Me&=,, 

7~ R=H 8~ X=OH 

c R=Ts 8J X=OTs 
& X.Y=O 

8~ x=1 
9& X,Y=H,OH 

-_R 

(6R:8R*)-l_b R=H 

(5ti,7R*)-ls R&HO 

Scheme 3. Synthesis OF 5,7-gg-lardolure. 

-0CHO 

Fig. 3. GLC separation of the 

i-rs of 5,7-syn-lardolure. 

(Column, OV-101, 50 m x 0.25 mm at 

120° + 0_5'/minr Carrier ges, N2, 45 

illl/Uli~) 

95 100 105(min) 
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Finally, we prepared 5,7-e-lardolure (5E*,7&*)-la to clarify the relative stereo- 

chemistry between C-5 and C-7 of la (Scheme 3). Methanolysis of the lactone 5 gave 7a. 

This hydroxy ester 7a was treated successively with p-TsCl, LAH, E-TsCl and NaI to give 8c 

in 76 % yield from 5 via 7b, 8a and 8b. - Alkylation of 4-pentanolide with the iodide 8c 

gave a mixture of &- and trans-9a in 50 % yield (cis:trans=2:3). Reduction of this 

mixture with DIE3AL-H was followed by the Wolff-Kishner reduction and esterification to 

give 5,7-m-lardolure (5&*,7g*)-la as a mixture of four diastereomers in 61 % yield from 
9a. As shown in Fig. 3, its gas chromatogram gave four peaks, A", B", C" and D". The 

peak A" appeared at the same retention time as the peak A shown in Fig. 1. by the coinjec- 

tion analysis of (5x*,7&*)-la with (lE*,3E*)-la. Rom the similar consideration as des- 

cribed for (18*,3E*,5g*)-la, the natural pheromone was proved to have 5,7-z-stereochemi- 

cal relationship. 

On the basis of the three results described above, it was concluded that lardolure 

had 1,3,5,7-s-relative stereochemistry. Furthermore, if we accept Y. Kuwahara's propo- 

sal concerning the @)-configuration at C-l,' lardolure must be (lE,3l?,5&,7IJ)-l,3,5,7- 

tetramethyldecyl formate (lI7,3&5&7R)-l a. 

From a biosynthetic point of view, lardolure is presumed to belong to polyketide- 

derived natural products. As a similar polyketide-derived natural product, 2,4,6,8- 

tetramethylundecanoic acid is known as the major component of the preen gland waxes of the 

greylag goose6r7. It is interesting to note that this acid also has @)-configuration at 

every chiral center, i.e., (217,4&6&8~)-stereochemistry.8'g 

In conclusion, we propose (lE,3R,5R,7z)-stereochemistry for lardolure. In the 

following paper, the synthetic confirmation of this structure assignment for lardolure 

will be reported. 

ExPwIMENTAL 

All bps and mpB were l.Inaxrected.nzsp3ctr~weremeaaured .m films for oils or as nujol mulls for solids on a 
Jasco IRA-102 spectmneter. 1HNNRspectrawerereadedwithTMSasaninintarnalstandud at 60 NH2 in Cc14 on * Hitachi 
R-2& spectrometer. 13cmspxctra wererecordedat25 ~~zin~~~13with~?#~asaninternal sta&ardalaJDCeJtaFx-lC0 

spectrometer. optical roteticms were measuredonaJaeooOIP140~larimeter. GLC arralpes were performed or a y-co G- 

18ogas ducmatograph. l4er&Kieselgel6OM 7734 was used for SiO2ualumnctuoma~a~yunlessotherwise stated. 

(4R',6R*)-4-Methyld-heptanolide 3a. To a stirred mixture of 80 9 NCPBA (3.9 g) and NalKX3 (1.9 g) in dxy a$$212 was added 
dropwise a soln of 2 (180 g) in dry CX2Cl2 (4 ml) at loom temp After stirring for 2.5 h, ths pxipitate was filter& 

off and the filtrate was washed with10 B NaHW3 aq. sat-3 ag and brine, dried (NgS34) and -tratedin va- 'Ihe -- 
residue was distilled to give L90 g (94 Q) of k, hp. 94+6'/4 %xq # L45258 vmax 2960 (8). 2930 (a), 2870 (8). 1730 

(Vs). 1450 (s), 1190 (s), 1160 (81, 1090 (8) cm-l, 6 0.92 (3H. d, J-6 Hz), 1.26 (3H. d, J-6 Hz), 1.3-2.1 (SH, m) 2.1-2.4 
(2H. m), 4.0-4.7 Wi, mh cdc kX&amn, Ov-101, 50 m x 0.25 mm at 110' + 0.5'/mi.n; Carrier gas, N2, 43 ml/min): Et 318 min 

(83 9)) w isomer at 33.3 min (17 9). (pound: C, 67.l5, Ii, 9.SZ Calc for C,$f1402: C, 6757; H, 9.93 0). 
~~*S'S',QR~,~RC~-4-Meehyl-2-[~2RfS*~-2methylpenty116-heptanolide 3b. A sol" of LDR was prepared by ths addition of e. soln 
of 2-m (I.75 N in +exane, 27.6 ml) to .a stirred ard oxled sol" of (i-h_)2Nl (516 g) in dry 'MF (45 ml) at 0' under 
Ar. HMPA (48 ml) was added to the soln at -5-10' ard the mixture was ccoled to -78'. wthe resultingslurrywas&.%d 

dropwise a soln of k C6.W g) in dry 1w (45 ml) over a period of 75 min. After stirring for 25 min, the mixture was 
warmed to -450. lb the soln was added a sol" of l-iok-2-methylpent (11 g) in dry lTIF (25 ml) at -45-40'. 'l% sol" 
was allowed to stand far 2 days et -400. It was then pared into ice-sat NH4Cl ag & extracted with ether. ?he ether 
sol" was washed with water and brine, dried (Nq934) and Wt.rated in vamn. Ths residue (1LOl g) was &ranatogra@xd -- 
over Siq (Xx, g# c-h--EtCU ard distilled to give 4.63 g (51 3) of 3b. b.p 93-95'/(215 ltx-ri "a3 1.45541 vmax 2960 
(81, 2930 (s), 2870 (s), 1730 (5). 1460 cm), 1380 cm), 1185 (81, 1115 (8) cm-18 6 0.89 OH, t, 5x6 Hz), 0.92 (2x3H. d, J-6 
Hz), 1.28 (3H. d, 516 Hz), 1.1-2.1 (12H, ml, 2.2-2.8 (1H. ml, 4.1-4.7 (1H. m). (Found: C, 74.42; H, 11.56. Calc for 

C14H2602: C, 74.281 H, 11.58 t). 
(ZR*,4R*,6R*S',8R*S')-4,6,S-himethyl-2~ 1 @*,~_*,-a. A soln Of OISAL-H in +exa"e (12 ml of 25 (w/v)0 solrJ 

was added to a stirred and ozoled soln of 3b (450 g) in dry toluene (130 ml) at -70' urrder Ar. After stirring for 30 min. 

sat mi&I .3g (IO ml) w*s added at -700. 'Ihe mixture was pured into ioe-3N EKXand stirred for 30 rain atrcomtem@ It 

was extracted with ether. ?he ether sol" was washed with eat -3 ag and brine, dried (MgB34) and concentrated in V~.M 

to give 5_l6 g of a mixture of 3c and a hydroxy aldehyde, umax 3400 (m), 2960 (8). 2930 W, 2870 cm), 2700 (w), 1725 (m) 
cm-l, 6 0.7-1.1 (9H. in), 1.1-2.4 (16H. ml, 3.39 (1H. s, OH), 3.5-4.3 (1H. m), 4.47 (0.67H. d, J-7 Hz), 9.43 (0.33H. 6, 

br). ?his was dissolved in diethylene glycol (24 ml). 80 l N2H4*H20 (6 g) was addsj to the soln ard the mixture was 
haatedwxkrreflux for lh. KfXaq &&gin 6 mlof water) was then ajded to the sol" and ths mixture was heated m 

reflux for L5 h. l% excess N2H4.HpJ was distilled off and the mixture was stirred ard heated for 15 h at 200'. After 
oo~li.q, it was diluted with water and extractal with et&r. Ihe ether e&n was washed with water and brine, dried 

(NW41 and ancentrated in vacua llm residue (3.71 g) was chromatcqra@fd over SiO2 (120 gr ;-haxane-EtoRc) and distil- -- 
led to give 3.22 g (76 % from 3b) of (z*,+*)-lb, b.@ lC6-109°/Ll 'I&r; G3 lR390; vmax 3350 (ml, 2960 (81, 2930 (81, 
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2870 (s), 1460 cm), 1380 cm), 1150 (ml, 1115 (m), 1055 (in) cm-'8 6 O.FLO5 UH, ml, l-l2 (Xi, d, J=6 tU, LOP-Z.0 Cl3H. 

ml, 2.48 (1H. 8, OH), 3.35-4.00 (lH, ml. (Pound: C, 78.26~ H, 14.26. Calc for C14H300: C, 78.431 H, 14.11 8). 

(1R~,3R',5R'S~,7RS'~-1,3,5,7~tramethyldecyl formate (1R_',ql_')-la. A mitiwe Of (EZ&*,+*)-lb (150 g) and KT+H (~33 a 

pxity, 20 ml) was stirred foe 75 min at 65'. It was then- intoicesat~3 ag ard extracted with ether. ?he 
ethsr saln was washed with sat- andbrine, dried (NgS3,) and mtratedinva- lheresidwwasduomatogra@cil -- 
(Nerck Ic&P column8 @axans-St+) and distilled to give 1.40 g (83 9) of (m_*,3R_*)-la, hp. 86-67'/0.9 ?trry I# 1.4299~ 

v- 2970 (81, 2930 (8). 2880 (ml, 2850 (ml, 17M (s), 1460 cm), lXP2 010, 1185 (s), 1130 (m) cm-l; 6 (aXl3) 0.7-1.1 (12H, 
m). 115 (Xi, d, J-6 Hz), Ll-2.0 UH, m), 4.S5-5.45 (lH, m), S.00 (Xi, s); GlZ (alum", fx-101, M m x 0.25 mm at 100" + 

OS'/mi"i Carrier gas, N2, 28 mUmin): Rt 135.1 min (14 a), 13L9 min (3 t), 137.5 min (18 0). 1X.3 min (30 0). 1398 min 
(1 *). 140.7 min (32 0). 142.l min (2 8). (Rund: C, 74.33; H, 12.57. Calc for CIJl+: C, 74.328 H, 12dS %I. m peak 
dwtothenatural Fheromone mincidej with that of ths stnrtest Rt (135.1 min). 
~l~~~~'.~~,~'~-2,4,~imethYl-l-cycloheuupl la and its C-l epiw 4b. A mixture of mesitol (10.0 g) ard W-7 Raney Ni 
(2 g) in EKH (3 ml) wan stirred rtndar a hyamSen pressure of 110 atm at 135O for 3 h. ti catalyst was filtered off ard 
the filtrate was oolcsntrated in MCU~ ?he residue was diluted with ether. me ether e~ln was washed with 5 0 Naa aq, 
water and brine, dried tMgS04) ard axcentrated in MCUX. ?he residue was chromatografied - SiO, (Merck Kieselgel 60, -- 
Art 9385, 400 g). Elution with n-hexa"e-EtoRc (2O:l) gave a" oil, which was distilled to give 4.07 g (39 b) of 4b, b.p, 

1ol-102°/50 Parr; "62 1.4531; - 3520 (In), 3CCO (51, 2950 (s), 2910 (8). 1460 cm), 138.7 cm), llS0 (ml, 970 (s), 930 (m) 
cm-1 I 6 (CCC13) 0.87 (3H. d, J=5 Hz), 0.91 (2x3H. d, J-6 Hz), 
13C NMR 6 18.57, 22.42, 32.41, 36.43, 37.26, 74.42. 

1.1-1.8 (7H. ml, 1.61 (IH, s, OH), 3.39 (1H. s, Wh,2=5 HZ); 

(Pound: C, 76.181 H, 12.65. Calc for CgH160: C, 75.99r H, 12.76 B). 

Further elutian with c-h--EtCAc (15:l) gave a crystalline solid, which was recrystallized from +exane to give 3.63 g 

(35 0) of la as needles, m.p @3-70°1 vmax 3400 (ml, 3ooO (81, 2960 (s), 1460 (ml, 1055 (ml, 1045 (ml cm-13 6 0X13) 0~33 

(3H. d, J-6 Hz), 0.95 (2x3H. d, J-5 Hz), 1.1-1.8 (7H, m), 2.31 (1H. 8, OH), 2.57 (lH, t, J=S Hz); 13C NHR 6 18.81, 22.05, 

31.75, 39.43, 43.03, 82.00. (Found: C, 76.26r H, 12.72. Calc for CgHISO: C, 75.99: H, 12.76 9). GLC analysis of the 

crude reduction product @lumn, Ov-101, XI m x 0.25 mm at 4)'; Carrier gas, N2, 45 ml/min): Rt 31.7 min (50 0, 4.x). 32.4 

min (44 t, 4bb), 38.0 min (2 0). 39.2 min (4 8). 
(2R*,e',6S*)-2,4,6~imethylcyclohexarrone 4~. Jones reagent (30 ml) was added to a stirred and cooled soln of la (10.0 g) 

and 4b (7.0 g) in acetone (200 ml) at MO. After stirring for 10 min. NeCH was added and the stirring was ccmtinued for 
10 min. ?he mixture was extracted with ether. ?he ether suln was washed with water an-3 brine, dried (HgSJ4) and coocen- 
trated in vacua. ?he residue was distilled. to give 15.0 g 033 0) of 4c, b.p 77-90'/19 ?brrr 4' 1.4423; vmax 2980 (s), 

2950 (~1, 2890 (8). 1715 (s), 1460 (s), 1380 cm), 1130 (s), 1000 (ml cm-11 6 (CDC13) 0.94 (3H. d, J=6 Hz), 0.96 (2x3H. d, 

J-6 Hz), 1.15-2.7 (7H. m); 13C NHR 6 14.51, 21.21, 32.00, 44.20, 45.40, 214.30. (Found: C, 76.981 H, 11.76. Calc for 

CgH160: C, 77.09; H, 11.50 a). 

QR',49*,6S')-2,4-Dimethyl-6-beptanolide 5. Tu a stirred mixture of 85 8 NCPEIA (58 g) and N&i033 (2.9 9) in dry (H2C12 
(40 ml) was added dropwise a sol" of 4c (230 g) in dry CX2C12 (7 ml) at z-can temp After stirring for 4 h, the precipi- 

tate was filtered off and the filtrate was was&d with 10 \ tUL333 aq, sat NaffZJ3 eq and brine, dried (MgSO4) & caren- 

trated in vacua me residue was distilled to give 3.50 g (98 t) of 5, hp S3-414°/2.5 'Dxrt "A9 1.45151 vmax 2990 (]m), -- 
2940 (m), 1730 (s), 1455 (m), 1380 cm), 1200 (s), 1130 cm), 1095 (m), 1035 (ml cm-11 6 0.92 (3H. d, J=6 Hz), 1.10 (3H. d, 
557 Hz), 1.30 (3H. d, J=7 Hz), 1.3-2.2 (SH, m), 2.3-3.0 (lH, m), 4.2-4.75 (1H. m) (Found: C, 69.17; H, 10.30. Calc for 

CgH1602: C, 69.19; H, 10.32 B). 

(2R*,4S*,6S*)-2,4-Dimethyl-1,6-hepeanediol 68. A sol" of 5 (9.CO g) in dry ether (20 ml) was ajded to a stirred and ice- 

cooled suspension of LAH (3.0 g) in dry ether (150 ml). The mixture was stirred for 1.5 h at rcxxn temp. The usual 

alkaline work-up gave a" oil, which, was distilled to give a93 g (97 0) of &I, hp 101-102°/a95 Parr; "b7 1.45461 vmax 
3350 (s), 2970 (~1, 2880 (s), 1460 (m), 1375 (ml, 1115 cm), 1055 (s), 1040 (s) cm-11 6 087 (2x311, d, J=6 Hz), 1.21 (3H. d, 

J-6 Hz), 1.3-2.0 (6H. m), 3.30 (ZH, d, J=5 HZ), 3.65 (2H. s, OH), 3.5-4.0 (1H. m). (Found: C, 67.11; H, 12.42. Calc for 

CgH2002: C, 67.45; H, 12.58 0). 

C?R*,4R*,6S')-4,6-Dimethyl-7-tosyloxy-2-heptacal 6h p-TsCl (11.3 g) was added to a stirred and ice-cooled sol" of 6a 

(7.00 g) in dry C5H5N (50 ml). After stirring for 3 h at O-5'. the mixture was p3ured into ice-El m31 and extracted with 

ether. me ether soln was washed with dil Hcl, sat &HO33 ag and brine, dried (HqSJ4) and concentrated in vxuo. l?~ 
residue was chromatcqra&zd over SiO2 (500 g, E-h--StoAc) to give 9.30 g (68 0) of 6b, vmax 3600(w), 3450 (w), 3ooO 

(ml, 2960 (ml, 1610 (w), 1505 (w), 1465 (ml, 1360 (8). 1190 (~1, 1180 (6). 1100 cm), 965 (6) cm-l. ?his was employed in 

the next step withart further plrificatia 

(2R',4R',6R',SR'S')-4,6,S-Trim_ethyl-2-undecanol (2~*,4IJ*,6R_')-lb. A Grignard reagent was prepared from 2-bromqentane 

(7.41 g) ard Hg (1.40 g) in dry ?HF (33 ml). mis was added dropwise to a sol" of 6b (5.94 g) in dry 'IXF (16 ml) below - 
50" under AT. After the addition, d sol" of 0.1 M Li2CuC14 in dry THF (0.97 ml) was added. The reaction temp was 

gradually raised to - temp and the stirring was continued for 60 h me mixture was wed into ice-sat EQ14Cl aq and 
extracted with ether. Ihe ether soln was washed with water and brine, dried (NgSO4) and concentrated in vacua mlhe -- 
residue was chromatcqra&d over Siq (Merck Kieselgel 60 Art 9385, 270 gj n-hexane-EXQAc) and distilled to give 1.91 g (51 

*) Of (2R*.4R',6R_*)-lb, b.p, '35'/0.7 Torrl "6' 1.4390r umax 3360 (ml, 2970 (s), 2930 (s), 21380 (81, 1460 cm), 1380 cm), 
1150 cm), 1115 (ml, 1055 (ml cm-l i 6 0.7-1.0 (12H. ml, 1.12 OH, d, J-6 Hz), 1.0-2.0 (13H. ml, 2.11 (1H. s, OH), 3.45-4.05 
(1H. m). (Found: C, 78.721 H, 14.34. Calc for Cl4H300: C, 78.43, H, 14.11 0). 

~lR',3R',5R',7R*S*~-1,3,5,7~~amsthyldecyl formate (lE*,)R_*,5E*)-la In the same manner as described for the preparation 
of @*,3iJ*)-le. (zR_',4R_*,6R_')-lb UM) g) yielded 0.913 g (81 s) of (l~*,~*,~*)-la, hp 101-102°/L65 lbrrr "a2 1.42951 

VmdX 2980 (81, 2940 (s), 2890 (s), 2860 (ml, 1730 (s), 1460 (ml, 1380 cm), llS5 (s),1130 (m) cm-l, 6 (cDc13) 0.7-1.0 (12H. 

m), 1.24 (3H. d J=6 Hz), 1.0-2.0 (13H, m), 4.8-5.35 (1H. m), 7.95 (1H. 8); GLC (Column, OV-101, 50 m x 0.25 mm at 110' + 
O.S'/minr Carrier gas, N2, 27 ml/mink Rt 102.4 min (45 a), 104.6 min (55 9). Ihe peak of Rt 1024 min coincided with that 

Of the shortest Rt in (lR',ql*)-la. (Fuud: C, 74.038 H, 1251. C&c for Cl5H3@2: C, 74.32; H, 1248 0). 

llethyl (ZR',4S',6S")-6-h~2,4dimethylheptanmte 78. lb a sol" of 5 (1184 g) in abs NeCli (150 ml) was added COIT 
H25U4 (1.09). ?he mixture was stirred for 1 h at rcem temp After neutralization with sat NaHcD3 aq, the mixture was 
concentrated in va- lthz residue ~88 diluted with water and extracted with ether. Ihe ether sol" was washed with water -- 
and brine. dried (NgsO4) and concentrated in vacua to give 15.03 g of crude 7a. vmax 3450 (m), 2980 (81, 2940 (a), 1730 
(6). 1460 cm), 1190 (6). 1170 (s), 1140(s) cmq.- mis was employed in the next step withart further wificatia 

Hethyl ~~*.~',~~~-2.4-Dimethyl~-tosyl~e~~ 7l& p-T&l (30 g) was added to a stirred and ice-cooled sol" of 
crude 7a (15.09 g) in dry C5H5N (60 ml). After stirring for 4 h at O-5'. the mixture was poured into ice-water and 
extracted with ether. Ihe ether s&n was washed with sat clrso4 ag, water ti brine, dried (MgS04) ard ancentrated & 
E to give 2679 g of crude 7b, wnax 1740 (9). 1360 (61, 1190 (~1, 1170 (61, 903 (s) m-1. lhis was employed in the 
next Step withat further pxification 
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(2R*,4R*)-2,4-Dimethyl-l-heplx"ol 8& A sol" of cnxle 7b (26.79 g) in dxy ether (SO ml) ~8s &j&xl to B stirred andice- 
cooled suspension of LAH (a.7 g) in dry ether (400 ml). The mixture was stirred overnight at room temp The usual 
alkelina work-up gave a" oil. which wa8 chromatcqa&d aver SiO, (Merck Kieselgel6oArt 9385, 4COgs n-herane-BbMc) ard 
distilled to give 8.94 g (a2 t from 5) of 8a. hp. 75-76'/6 'Axrr n$' 1.42991 VIM 33EXl (ml, 2980 (6). 2940 (s), 2890 (8). 

1460 (ml, 1380 (m), 1030 (m) cm-1 r 6 0.7-1.0 (9H. m), 1.0-1.9 (8H. m), 3.05 (lH, s, OH), 3.1-3.6 (2H. ml, GLC (Column, PEG 
ZOM, 50 m x 0.25 mm at 85'+ 05'/min; Carrier gas. N2, 50 ml/r&): Rt 22.8 min (98 9, single isomer). 'Ihe absence of C-2 
epimer was m&de sure by the coinjecticn of 8a with = mixture of*- an3 a-2,4-dim&hyl-l-be-1 (Rt 22-8 min ard 2%3 

min respectively). (Faud: C, 74.64; H. 14.00. Calc for C$f2,$: C, 74.931 H, 13.98 U. 
(ZR',~*)-2,4_Dimethylheptyl toeylate Bb @'sCl (21 g) was added to d stirred and i -1ed mol." of 8&l (8.0 g) in dry 
CsH.$i (55 ml). After stirring for 3 h at O-5', the mixture was poured into ice-3NHc1 and extracted with ether. 'Ihe ether 
sol" ~88 washed with dil HCl, sat NaHCO3 ag and brine, dried (HqSJ4) and concentreted in V~CUD to give 19.0 g of crude 8b. 
ymax 2960 (s), 2930 (s), 2880 cm), 1595 cm), 1360 (8). 1190 (61, 1170 (61, 960 (8) cm-7 ( llus was employed in the next 
step withxt further plrificatian. 

(ZR',4R')-l-I~2,4dimethylheptane 80 NaI (19 g) was added to a sol" of crude 8b (19.0 g) in dry acetone (250 ml). The 
mixture w= stirred for 4 h under reflux and for 3 h at ram temp It was plvgl into ice-water and extracted with "_ 
h- ?he g-hexane sol" was washed with 10 \ Na2S$3 aq and brine, dried (MgSo4) arrl -tratedin vacu". Ihe residue -- 
was duomatqra~ed over SiO2 000 g, n-hexane) to give 13.1 g (93 a fran Ba) of 8c. vmax 2960 (8). 2920 (s), 2870 (s), 
1450 (m), 1375 (m), 1190 (m) cm-18 6 0.7-U (9H, ml, 1.1-1.7 (BH, ml, 2.85-3.3 (2H, m). This was employed in the next 
step without further pxificaticn, 

~~*S*,4R'S'~-2-~~ZR+,4R"~-2,4~methylheptyll-4-pen~lide 9a. A sol" of IA4 was ~epxred by the addition of a sol" of 
c-BuLi (1.53 N in r+exane, )o ml) to a stirred dxl cool& soIn of @-Pr)p (4.85 g) in dry l?lF (60 ml) at 0' llndar Ar. 

HMPA (40 ml) was edded to the sol" at -20' and the mixture was ccoled to -69'. mtheresultirq slurry wesaddeddro~ise 
at -69' a aoln of 4-pzntanolide (4.0 g) in dry lWF (40 ml) over B period of 2.5 h After stirring for 15 min at -69'. the 

mixture was warmed to -45'. To the sol" was added a sol" of 8c (lO.l6 g) in dry lliF (40 ml) at -40-45°. Ihe aoln was 

allowed to stand for 33 h at -40'. It was tbsnpllredintoicesatNH4Claq arrd extracted with ether. 'Ihe ether sol" was 
washed with water and brine, &id (MgSO4) zux? c-ncantrated in MCUG -- ?he residue was chrcmatqr,a~ over SiO, (Her& 

Kieselgel 60 Art 9385, 450 g) I-hexene-EtOAc) and distilled to give 4.52 g (50 8) of 9a. b.p.107-109°/0.15 Tore) nd7 

1.44968 vmdx 2980 (~1, 2940 (8). 2880 (ml, 1770 (~1, 1460 (ml, 1380 (ml, 1180 (a), 1120 (m) cm-18 6 0.7-1.0 (9H. m), 

1.0-2-l (12H, m), 1.30 (1.35H. d, J-6 Hz), 1.34 (1.65H. d, J=6 Hz), 2.1-2.7 (1H. ml, 4.0-4.7 (Xi, m)r GLC (Column, OV-101, 
50 m x 0.25 mm at 120' + 0.5'/min; Carrier gas, N2, 43 mUmin): Rt 93.l min (45 O), 91.2 min (55 0). (Fcurl: C, 74.121 H, 
11.31. Calc for C14H26q: C, 74.28; H, 11.58 0). 
@R*S*,3R'S',SR*.S)-2-H ydroxr5-methyl-3-I~ZR',QR*~-2,4-dimethylheptylltetrahydrofuran 9b A sol" of DIBAL-H in n-hexane 

19.7 ml of 25 (w/v) 9 solnl was added to a stirred ard cooled mln of 9a (X0 a) in drv toluene (98 ml) below -630 tier 
Ar. After stirring for 35 min dt -65-70' , sat hli4Cl was added to the mixture It was pxred into ice-w Hc1 and stirred 

for 20 min at rccin temp Ihe mixture was extracted with ether. 'llx ether aoln ~(1s washed with sat N&XX+ aq and brine, 

dried (HgS34) ard concentrated in vxu" to give X61 g of CJ?.& 9b. vmax 3403 (m), 2960 (s), 2920 (81, 1450 cm), 1370 (m), 
995 (In) cm-l. 

-- 
?his was employed in the next step withcut further plrificaticm. 

(ZR*S*,4R*S*,6R*,8R*)-4,6,a-Trimethyl-2-urd~l (6+*,8R_*)-lb. 80 0 N2H4.Hs (41 g) WBS added to a soln "f ti 9b 

(3.61 g) in diethylene glycol (16.5 ml). ?he mixture was heat& under reflux for 1 h KUi aq (4J g in 4.1 ml of water) 

was then added to the soIn ard it was heat& urder reflux for 1.5 h 'Ihe excess N2H4.H.$ was distilled off and the mixture 

was stirred and heated for 15 h at 200". After cooling, the mixtur was diluted with water & extracted with ether. l?vz 
ether soln was washed with water and brine, dried (HgS34) and ccricentratedin vbcxb Ihe residue wbs chmmatqra~ 0Mr -- 
SiO2 (Merck Kieselgel 60 Art 9385, 130 gr n-hexane-StORc) and distilled to give 2.33 g (70 0 from 9a) of (%*,8R_*)-lb, hp 

105-1060/2.4 Tbrr; n# l.4390~ vmax 3350 cm), 2970 (81, 2930 (8). 1460 (m), 13&J (ml, 1150 (ml, 1115 (ml, 1055 (ml cm-11 6 
0.7-1.0 (12H. ml, 1.10 (3H. d, J=6 Hz), 1.0-1.9 (13H. ml, 2.30 (1H. s, OH), 3.4-4.0 (IH, m)r (Found: C, 78.23; H, 13.63. 

CalC for Cl4H3@ C, 78.43; H, 14-ll 0). 

(1R'S*,3R+S*,5R*,7R*)-1,3,5,7-Tetramethyldecyl form&e (SR*,7R_f)-lk In the same m- as descriked for the yp-eparatiar 

of ClE*,3E*)-la, (6R_*,8~*)-lb (1.50 g) yielded l.47 g (87 %) of (5R_*,z*)-la, ap 81-62'/0.65 Torr, 41 1.4295; vmax 2980 

(81, 2940 (~1, 2890 cm), 2860 cm), 1730 (s), 1460 (m), 1380 (m), 1185 (61, 1125 (m) cm-l, 6 (CJX13) 0.7-1.0 UH, m), 1.22 
(3H. d, J=6 Hz), 1.0-1.9 (13H. m), 4.75-535 (1H. m), 7.93 (lH, sh GIG OZ!olumn, 1X-101. 50 m x 0.25 mm at 120' + OSO/min$ 
Carrier gas, N2, 45 ml/min): Rt 97.0 min (26 a), 97.7 nun (22 a), lOO.0 min (17 t), 101.4 min (35 a). 'Ihe peak of Rt 97.0 

min coincided with that of the &x-test Rt in UR*,3R_*)-l& (Farid: C, 74.56; H, 12.94. Calc for Cl5H3@2: C, 74.321 H, 
12.48 0). 
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