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Abstract -- Both the enantlomers of +ws%.hyl pxaferlc and (12~methoxydb1etd- 
8,11,13-trwr20-ox acrd) were synthesized from (S)-3-hydroxy-2,2-dimethylcyclo- 
hexanone. 

(+)-g-Methyl pisiferic acid la was first isolated in 1980 by Yatagai and Takahashi from 

the leaves of Chamaecyparis pisifera Endl. (Japanese name: sawara).' Discovery of its 

bioactivity as a mite growth regulator by Ahn et al.* -- prompted us to synthesize it. The 

abietane-type diterpene la inhibits both the hatching and the feeding of the two-spotted 

spider mite, Tetranvchus urticae Koch, which is a serious pest to many crops. Herein we 

report a synthesis of both the enantiomers of g-methyl pisiferic acid (la and la'). 

Synthesis of cyclic diterpenes has been actively pursued for almost half a century 

resulting in the preparation of many racemic diterpenes.3 Synthesis of optically active 

diterpenes, however, was not so easy and achieved mostly either by optical resolution or 

by derivation from other abundant diterpenes such as resin acids. For example, the first 

synthesis of the natural enantiomer of podocarpic acid was achieved by resolution of an 

intermediate.4 Commercially available natural podocarpic acid was subsequently converted 

into the natural enantiomer of taxodione, an anti-tumor diterpene. 5 Although an asymmet- 

ric synthesis of podocarpic acid was later reported by Yamada and co-workers, the optical 

yield in the key-step was only 42 %.6 

Our strategy in the present work was to construct the abietane skeleton of la start- 

ing from a simple chiral compound of high optical purity. The synthetic plan for la is 

shown in Fig.1. (S)-3-Hydroxy-2,2-dimethylcyclohexanone A is employed as our starting 

material. This ketol A is readily available in high optical purity and has been utilized 

extensively by us in synthesizing various terpenes. 7-12 For the construction of ring C, 

we adopt the method developed by Meyer et al.13 The ketol A is to be converted to the -- 

key-intermediate C via B. - The bicyclic intermediate C, when coupled with D, affords E 

after aromatization. Further functional group transformations of E yields (+)-g-methyl 

pisiferic acid la. In the course of the annulation step to give B, a stereoisomer F is 

also generated, which leads to (-)-c-methyl pisiferic acid la'. 

t. Dlterpemid Total Synthesis -- 24. Part 23, K. blori and K W&u, T&r* 41, 5653 (1985). The experimental pxt 
of this work was taken frm the forthxminq Qctoral dismrtaticm of Ii. M. 
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Fig.1. Structures of diterpenes and the synthetic plan for 12 and 12’ 

In Fig.2 is shown the actual synthetic route. Reduction of 2,2-dimethylcyclohexane- 

1,3-dione with baker's yeast gave 2a, which was estimated to be of 98.3 % e.e. by the HPLC 

analysis of the corresponding (El-a-methoxy-a-trifluoromethylphenylacetate (MTPA ester) 

2c.788 After protecting the OH group of 2a as a THP ether, the resulting 2b was methoxy- 

carbonylated with CO(OMe)2 and NaH-KH14 to give 3 quantitatively. Michael addition of 3 

to methyl vinyl ketone was effected with a small amount of NaOMe in MeOH-C6H6 to give 4 in 

93 % yield as a stereoisomeric mixture. To complete the annulation process, 4 was heated 

under reflux with pyrrolidine in C6H6 to give 5 in 85 % yield as a stereoisomeric mixture. 

Separation of the mixture was the next problem. To remove the complexity due to a chiral 

center in the THP protective group, deprotection of 5 was executed by treatment with p- 

TsOH in MeOH. Unexpectedly, the product was a mixture of a lactone 6 and a hydroxy ester 
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7a. Apparently, the stereoisomer of 5 with a B-oriented CQ2Me group was cleanly trans- 

formed into the lactone 6 by an intramolecular acid-catalyzed transesterification reaction 

with the B-OH group regenerated by deprotection of 5. Chromatographic separation of the 

mixture yielded the less polar 6 (51.4 %) and the more polar 7a (14.0 $1, both as 

crystals. The stereochemistries of 6 and 7a as depicted were self-evident from the S- 

absolute configuration of the OH group of 2a. The lactone 6 was therefore regarded as an 

appropriate intermediate leading to the natural ditepene (+)-la, while 7a would yield (-)- 

la’. The optical purity of 7a was proved to be -100 % by the HPLC analysis of its (El- 

and (S)-MTPA esters 7b and 7c. 

The next task was the conversion of the lactone 6 to a decalone derivative 10, whose 

racemate (as Et ester) had previously been prepared by Meyer and Levinson. 15 We first 

tried to cleave the lactone ring of 6 by transesterificaion with NaOMe in MeOH, but the 

lactone 6 was recovered unchanged. Treatment of 6 with Me3SiCl-NaI was also attempted in 

vain. The successful procedure for the conversion of 6 to 8a was alkaline hydrolysis 

(KOH-MeOH) of 6 followed by acidification (AcOH), isolation of the hydroxy acid (8a, CO2H 

instead of C02Me), and its esterificaion (CH2N2). A crystalline hydroxy ester 8a was 

obtained in 70 % yield from 6. The optical purity of 8a was estimated to be -100 % by the 

HPLC analysis of the corresponding MTPA esters 8b and 8c. Treatment of 8a with 2.5 eq of 

TfCland 5 eq of 4-tJ,N-dimethylaminopyridine (DMAP) in CH2C12' yielded 9 in 89 % yield. 

It should be noted that even with an eq OH group of 8a, the elimination reaction proceeded 

smoothly to give 9. When the hydrogenaion of 9 was carried out with Pd-C, the major 

product was not the expected 10 but a hydrogenolysis product without a ketone CO group. 

The hydrogenation was therefore executed with Pt02. In this case, both the olefinic 

double bonds and the CO group were reduced to give a saturated hydroxy ester, which was 

oxidized with Jones Cr03 to give 10, (~~16~ -7.21' (CHCl3), in 80 % overall yield from 9. 

Similarly, 7a gave 9' in 75.1 % yield, and 9' was converted to lo', (al;3 +7.33" (CHCl31, 

in 89 % yield. The IR, 'H NMR and mass spectra of 10 and those of 10' were of course 

identical. 

The third phase of the synthesis is the construction of ring C. Conversion of the 

decalone derivative 10 to the key Michael acceptor 12 was executed as reported by Meyer & 

,,.'3 Formylation of 10 with HC02Me and NaH in C6H6 furnished 11, which was dehydro- 

genated with 2,3-dichloro-5,6-dicyano-E_benzoquinone (DDQ) to give the desired unsaturated 

keto aldehyde 12. The Michael donor for the construction of ring C was t-butyl 

isovalerylacetate 13. This had previously been obtained by acylation of t-butyl aceto- 

acetate with isovaleryl chloride followed by the removal of the AC group.16 We prepared 

13 by alkylating a dianion derived from g-butyl acetoacetate.17 Thus treatment of t-butyl 

acetoacetate with NaH and E-BuLi was followed by the addition of i-PrI to give 13 in 75 % 

yield. Addition of the Na-enolate of 13 to 12 was achieved in quantitative yield giving 

14. Treatment of 14 with p-TsOH in refluxing AcOH brought about the removal of t-Bu02C 

group and an intramolecular aldol condensation to give crystalline 15 in 84 % yield. The 

trans-syn-cis stereochemistry of 15 as depicted was assigned on the basis of Meyer's work -- 

on analogous tricyclic compounds.18 Aromatization of the C-ring of 15 was effected with 

C5H5NHBr3 in AcOH to give 16 in quantitative yield. The C-8 CO group of 16 was then 

removed by hydrogenolysis (H2/Pd-C/EtOAc-H2S04) to give 17 in 89 % yield. Conventional 

methylation of 17 with Me2S04 and K2C03 furnished lb in 82 % yield. Finally lb was 

treated with t-BuOK in DMSO” to give (+)-g-methyl pisiferic acid la, m.p. 128-129.S”, 

[alA +202O (MeOH). Its IR and 'H NMR spectra were identical to the authentic spectra 

kindly sent to us by Prof. K. Wada and Dr. M. Yatagai. The mixture m.p. determination 

with an authentic sample (m.p. 123-125’) showed no m.p.depression (m.m.p.123.6-126.8°). 

The overall yield of la from 2a was 6.6 % in 18 steps. The synthesis of (-)-la’ was also 

achieved in the same manner as above starting from 10'. The overall yield of la’ from 2a 
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Flg.2. Synthesis of Q-methyl pisiferic acid . 
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was 1.8 % in 16 steps. 

In summary we completed a chiral synthesis of g-methyl pisiferic acid starting from 

ketol 2a of microbial origin. The present work proved the utility of ketol 2a in chiral 

syntheses of diterpenes. The bioactivity of la and la’ is now under investigation by 

Prof. K. Wada of Nagoya University. 

Al1b.pe”dmpwem- nz s-e were m- as films for oils OT as nujol mulls for solids cm a 
Jasca IRA-102 spectrometer. NNR spectra were reoxded with lMS as an internal standard at 60 NHz cm a Hitachi R-24A 

spectrometer .x at 100 MHZ al a JDOL JNN Px-loo spectrometer or at 4a3 NH2 al a JDOL JNN px-400 spsctrcmeter. optical 

rotations were measured on a Jasco DIP140 polarimeter. Nass spectra were recordedon a JEI)L m-303 spectrome ter at 70 ev. 

Fuji Oavisxn BW-BM Mliwasusd forSi~oDlunnchromatcgra&. 

(S)-(+)-2-NeUlaxycarbonyl-6,~"ethyl-5_ 3. A mixture of NaH (10.9 4, 60 6 dispersion in 

mineral oil, 2725 mmol) and dimethyl carbaate (210 ml) in dry di- (90 ml) was stirred and heated urder reflux under 
Ar. 'b this suspension was aMed dmpwise a sol" of Zb 130.9 g, 136.5 "mol. X3.3 a ee (determined by the HPIL analysis 

of the 00rre.s~ @)-HTPA ester 2~11 in dry dioxane (90 ml). After a titian of a 10 ml portionof the soln of Zb, KH 

(30 $ dispersion in mineral oil, 1 ml) was added e a syringe to initiate the reactiub Ihe additia, of Zb Was cOnti.nUed 
over 65 min. After the complete titian, the mixture was stirred bnJ heated under reflex for 70 min. It was then m01ed 

in an ice-bath, and AcUl (S.22 g) was added slowly to quench the reactica 'Ihe mixture was acidified with m to FH 6, 

diluted with brine (400 ml) ard extracted with ether. 'Ihe extract was washed with brine, dried (N-4) and ccmcentiated in 

"a.C"O. The residue (47.5 g) was chromatographed over SiO2 (300 g) to give 38.9 g (quantitative) of 3 as an Oil, n i? 
l&74; [aIs +D.75' (4.935, olC13)r vmax 347013100 (ban), 1750 (ml, 1715 cm), 1660 (s), 1615 (8). 1260 (91, 1205 (5). 
1190 (8). 1135 (6). 1080 (s), 1060 (a), 1030 (81, 995 (s) cm-l, d (CC14) 1.13, 1.17, 1.23 (total 6H. each s), 1.36-2.05 

(8H. m), 2.05-2.36 (ZH, ml, 3.21-4.10 (3H. m), 3.70 (3H. s), 4.51-4.85 (1H. m), 12.80 and 13.00 (total 1H. each 5). 
(Found: C, 63.591 H, 8.50. Calc for C15H2405: C, 63.36; H, 8.51 \L 

~2RS,5S~-~+~-2-Nethoxycarbonyl-6,6-dimethyl-2-~3'-axotutyl~-5-tetrahydropyranyl~l~~ 4. A soln of 3 (X.9 gv 
1368 mmol) indry* (200 ml) was added droplise to a stirred aoln of NaDHe 050 mg, 4.68 "mol) in dry NeUl (120 ml) at 

rco" temp u&x Ar. 'me mixture was stirred st room temp for 7 min a-d a soln of methyl vinyl ketms (21 ml. lS.2 g. 259.4 

mm011 in dry Neck CM ml) and dry C&, (90 ml) was added dropwise over 65 min. 'Ihe mixture wan stirred at roan temp for 2 h 
and treated with brine (100 ml) and water (200 ml). me organic layer was sepu-at& and the ag layer was extracted with 
ether. 'Ihe combin& axtract was wash& with brine, dried (Ng93q) and amcentrated in MNG ?he residue (63 g) was 

chromatoqraphed over SiO2 (350 g) to give 45.1 g (93.2 0) of 4 a.8 8 viscous oil, "731.4792, [orId +45.4" (c-0.863, 

CHC13)1 ""ax 1740 (81, 1720 (s), 1715 (s), 1255 cm), 1205 (6). 1170 (a), 1130 (s), 1120 (a), 1080 (61, 1030 (s), 1005 (8) 

cm-18 6 (Ccl41 0.91, 0.93, 0.98, 1.00, 1.03, 1.10 (total 6H, each 81, 1.24-1.75 (SH, m), 1.75-2.60 (6H, m), 2.05 OH. s), 
3.05-4.05 (3H, ml, 3.60 (3H. 81, 4.40-4.76 (lH, m). (Found: C, 64.21; H, 8.52. Calc for ClgH3006: C, 64.38; H, 8.53 8). 

(3~,lC~~,-(-)-~ethoxycarbayl-4,4-di"ethyl-3-tetrah@opyranyloxy-~~-7-cctalme 5. A sol" of 4 (403 g, 113.4 ""01) and 

freshly distilled pyrrolidine (9.32 g, 136.6 meal) in dry C!6H6 (350 ml) was stirred ard heated u&er reflux for 22 h With 

azeotropic removal of water. Ihe mixture was cmled to rcom tamp and oncentrated in vacua lhe residue (55 4) was -- 
chromatogra@& - Siq (270 g) to give 32.4 g (S4.S 9) of 5 ds a visaus oil, x$' 1.49651 Ial# -6.Co" +0.79, aK13h 
umax 3070 (w), 1735 (81, 1680 (8). 1615 cm), 1265 ("1, 1205 (s), 1175 (8). 1120 (s), 1080 (6). 1035 (a), 1000 (s) cm-'8 6 

(CDC13) 0.96, 1.19, 1.30 (total 6H. each s), 1.39-1.77 (BH, m), 1.80-2.30 (4H. m), 2.40-2.77 (ZH, ml, 3.10-4.15 (3H, m). 

3.68 and 3.71 (total 3H. each s), 4.40-4.86 (1H. m), 6.14, 6.19, 6.21, 6.25 (total 1H. each 8). (Found: C, 67.44; H. 8.53. 

Calc for C19K2Q5: C, 67831 H, 839 t). 

~1S,SS~-~-~-7,7-Dimethyl-9-oxetricyclo~6,2,2,~~61dodec-54ne-4,l~~ 6 and (3S,lOR)-(+)-3-h~l~~~~r~yl- 

4,4-di"ethyl-A5-7-ccta.lcne 7k CT&H was added to a stirred sol" of 5 (267, 79.4 mmol) in HeUi (300 ml). ?he mixture 

was stirred for 2 h at rco" temp v (700 mg) was ackkzd to neutralize m and the reactim mixture was -trated 
in vall~3 diluted with brine (3M ml) and extracted with Et- --* Ihe extract was washed with trine, dried (NgSO4) ard 
axcentrated in vao.a. Ihe residue was dissolved in C&j (300 ml) and m (300 mg) was added. Ihe mixture was Stirred -- 
for 2 h at room temp and treated with sat NaHo3 sol" (300 ml). w organic layer was separated and the aq layer was 
extracted with EtQ& me combined extract was washed with brine, dried (Nw4) and ancsntrated in vacua 'Ihe residue -- 
was chromatogra@ed over 5'4 (3% 9). Eluticm with ~&-&her (20:1-&l) gave S.99 g (51.4 t) of 6 as crystals. MS was 
recrystallized frcdn +axane-EtcAc (5:l) to give colorless needles, m.~ 175-176') I# -29.6' (c+.72, w13)t ""ax 3040 
(w), 1755 (6). 1670 (a), 1625 (ml, 1265 cm), 1255 ("1, 1200 (s), 1140 (s), 1080 (91, 1005 (~1, 980 cm), 945 (m), 930 (m) 

cm-l, 6 (CDC13) 1.26 (6H. s), 1.60-2.19 (6H. m), 2.20-2.56 (ZH, ml, 4.23-4.45 (1H. ml, 5.97 (1H. 8). (Found: C. 70.898 H, 

7.30. Calc for Cl3H1603: C, 70.89; H, 7.32 8). Purther elution with C6H6-ether (5:1-1:2) gave 2.8 g (14.01) of 7a as 
crystals. mis was recrystallized from n_he-EtQl\c (5:l) to give colorless reds, m.p 128-129'; [ala2 +277O (4.69. 
aiC13); ""ax 33SO (s), 1720 (S), 1650 (a), 1605 cm), 1280 cm), 1265 (ml, 122D (s), 1195 (s), 1170 (s), 1100 (6). 1065 (m). 
1030 (m), 980 ("1 cm-l‘ 6 (CDC13) 0.98 (3H. 81, 1.23 (3H. s), 1.40-2.70 (SH, ml, 3.30 (1H. 8, 08). 3.50-3.85 (1H. ml, 3.70 

(3H, 61, 6.17 (1H. 6). (Found: C, 66.491 H, 7.90. Calc for C14HZO04: C, 66.64; H, 7.99 a). 

US,lCS)-(-)-3-~+xy-lO-"ethoxy&myl-4,4+i"ethyl-~~-7~lcne 68. A soln of KCli (250 g, 44.6 ""01) in water (30 
ml) was added to a stirred soln of 6 (6.19 9, 2S.l mmol) in Ned (120 ml). llte mixture was stirred for 5 h at zoom temp 
and oncentrated in vacua to remove about 70 ml of N@X ?he neacticn mixrture was cwled in an ice bath ard acidified -- 
with AcCH togt 5 and extracted with m The extract. was ancentratadin M- to giive -1CX3 mlof a sol" of a h@roxy -- 
acid. lhis was used for the next step immediately. The above soln was ccoledinanicebxtharrl treated withClip s0ln 
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inethertprepxedfrcm6gES.3mwl)of~ txus"+-methyl- in the usual mM"erl. The mixtlue was stirred for 2 min 
at 00 ard exceea qN2 w= w by the dropvise additiol of AaX lbe mixture was washed with sat NaHo>) aoln an2 
brine, dried (Mgs34) and amcekrati in va- to give 4.98 9 (70.2 N) of &I as crystala lhis was recrys+allized fmm t- -- 
hoxane-Etcylc (4~1) to give pale yellow needles, lap 12@121°1 [a]$9 - 226' (~0.945, CXl3h - 3520 (a), 1745 (8). 1675 
(~1, 1610 (ml, 1275 cm). 1245 (ml. 1225 (ml, 12M (ml. 1175 (ml, 1060 (81, 990 (m) cm-l, 6 KlxX3) 0.92 (3~, s), 135 (3~. 
81, 1.50-2.21 (6H. m), 2.25-2.80 (3H. ml, 3.21-3.65 (IH, ml, 3.71 (3H. s), 6.26 (lH, s). (Found: C, 66.571 H, 7.98. Calc 
for Cl4H2004: C, 66.64~ H, 7.99 e). 

Cetermitxaticm of the *ical pxity of 7a. -- Acc&ingtntherepJrted~ure,~ @)- and (S)-KIPA estets 7b and 7c were 

P@ from 7a. HPIC [o~lum", ~leceil@50-5, 25 cm x 4.6 mm, Solvent, +z-eIx~ (S:l), 1D ml/mini Detected at 254 
nml a-injection of (El- and (S)-KIPA ester 7b and 7c: Nt 35.73 min ard 40.l5 minr (+WITA ester 7b: Rt 39_l7 min 

(single peak). 'lherefore the optical pity of 7a was determined to be -100 a e.e. 

Cetermination of the Opucal pity of Sa. I" the same mMner as described for the p-eplraticn of 7b ani 7~. Bb ard SC -- - 
were zrelxued frcrm Ea. HPLC [column, Hlcleosil@50-5, 25 cm x 4.6 mm, Solvent, n -hexane-lxF (6O:l). Ll ml/mint D&xtad 
at 254 "ml arinjecticm of (I+ ti (SkWlTA ester 8b and 8~: Rt 12.44 min and 14.0 min, @-PITPI\ ester 8b: Rt 1214 min 
(ai"g1e peak). Rtcrefore the optical-&ty of 8a was determined tobe -1oO.e.e. 

(R)-4a-Me~~bnyl-S,S~imethyl-2,3,4,4a,S,S~~~~lan-2one 9. 'Ibastirredandi -led sol" of 80 (2.33 
9, 9.235 mmol) ard DMAP (564 9, 46.16 mmol) in dry 0f2C12 (100 ml) was added TfCl (SB 9, 23.1X meal) slowly radar Ar. 
Ihe mixture was etirnd for15 min atO0 ard farlh at- tamp Water (50 ml) was &+ed to the mixture and the stirricq 

was cmtinued for 15 min. l?~he organiclayar was separated and the aqlayer wasextmctedwithether. ?he canbiadatract 

was washed with dil HCl, sat NaHCO3 sol" and brine, dried (HgSO4) and concentrated in vacua The residue (3 9) was -- 
duwnatoSra&d ow SiO2 (24 9) to give l.92 9 (887 $1 of 9 aa an oil, WMX 30% (~1, 1730 (s), 1675 (81, 1610 (ml, 1260 
(m), 1220 (s), 1205 (a) cm-l, 6 (CC141 1.22 (3H. s), 1.27 (3H. s), 1.53-1.93 (ZH, ml, 1.95-2.50 (4H, m), 3.64 (3H. a), 
5.43-5.73 @Ii, m), 608 0.H. s)i MS m/z 234 (M+, 35 %I, 219 &4+-15, 7 81, 175 (loo 8). 119 (59 a). This was used for the -- 
nextstepwithoutfurtherpuificaticm. 

~SS,lOS~-~-~-l~Netl-4,4dimethyl-7-decalane ID. A rars~im of pt9 (15 mg) in a sol" of 9 (1.92 g, 8.20 

mmel) in EtQAc (30 ml) was vigorcllaly stirred for 36 h u&r H2 at roan temp ?he mixture was filtered thrcqh Elite and 
the filter-cake was washed with EtMc Ihe combined filtrate a-d washings were ccncentrated in MCUO to qive cnxk al&l -- 
as an oil, vmax 3440 (ml, 1720 (81, 1390 (w), 1370 cm), 1210 (~1, 1195 (81, 1140 (81, 1065 cm), 1035 (m) cm-18 The 

above alcohol was dissolved in acetcne (30 ml) ard the mixture was ax&d in a" ice-bkh. S N J- reqnt was added 
drop*ise with stirring until the characteristic orange color of the reagent persisted. ?he mixture was stirred for 10 min 
at -m temp and MeUl ~88 added to deeroy the excasa Jones reagent. 10 %NaCl sol" was &kltodissolve the-salt 
and the mixtUre wz& extracted With ether. 'Ihe extract Was washed with Water, eat NBHCDj sol" and brine, dried (MgS3,) ard 
concentrated in vacua -- The residue was chromatographed over SiO2 (40 9) to give 1.56 9 (80 t) of 10 a8 an oil. A" 
analytical sample was obtained by distillation, kb 110-110.5°/01 Torq 42 1.4910; [aIs -7.21' k=l.l65, cHc13); - 
1725 (8). 1715 (~1, 1390 (ml, 1370 (m), 1295 (ml, 1245 (a), 1235 (9). 1210 (a), lxx) (s), 1145 (8). 1100 (ml, 985 (m) cm-18 

6 (CC141 0.71 OH, s), 0.86 (3H. a), 1.00-1.97 (9H. ml, 2.00-2.56 (4H. m), 3.65 (3H. 8); MS m/z 238 CM+, 77 a), 223 (13.8 -- 
8). 206 (100 Q), 178 037.8 %), 156 (43.9 a), 124 (49.8 a), 109 (57.6 a) (Found: C, 70.27; H, 9.11. Calc for C14Hz203: C, 
70.551 H, 9.31 QL 

(5S,l~P3-~yl-lO-methxycarbxyl-4,4+imethyl-A*-7eztalcne 12. lb a stirred ard ice-moled rarepension of N~H (1173 
mg, 2.93 mmol, 60 t disparsion in mineral oil) in dry C6H6 0 ml) w.as added dropwise a sol" of 10 (3513 mg, l.47 mmol) in 

dq C& (6 ml). -Me (244 mg, 4.05 mm011 wae a&lad and the mixture was stirred for 1 h at 5' ani for 20 h at mom temp 

Water (10 ml) was .&led slowly to the mixture and the aq layer was seperatfxl. VE organic layer was extracted with 1.5 % 

Na(H sol". T?E combined aq eoln was acidified with oonc Hclta FH 2 at5O and extracted with EtclAc ?heext.ract wasdried 

(Na2=4) ard ancwtrated in ~(113 to give 395 mg (quantitative) of the h@rcqmethylens derivative 11, "max 3Ko-3300 -- 
(br. ml, 1730 (6), 1640 (s), 1590 (131, 1210 (9) cm-l, ?his was used for the next step withcut plrificaticm. m a stirred 

sol" of the above 11 and 4 m of I\coH in dry dioxane (4 ml) was edded KZQ (336 rq, l.48 mmol). 'Ike mixture was stirred 

for 15 min at loan temp. diluted with CXl3 and filtered thraqh Celita ?he filter-cake was washed with m13. ti 

combined filtrate and washings were washed several times with sat N&K?+ soln until the washings became mlcrless. The 

organic soln wa3 dried (Na2S04) and amcentrated in vacua to give 367.1 mg (93.7 \ frcun 10) of 12 a.9 an oil, vmax 1720 
(s), 1700 (8). 1680 (81, 1615 cm), 1395 (ml, 1370 (ml, 1340 (ml, 1255 (s), 1220 (61, 1205 (a), 1125 (s), 1380 (a) cm-18 6 

ux14) 0.77 (3H. 81, 0.92 (3H. s), 1.07-2.18 (7H. m), 2.18-2.68 (ZH, m), 3.67 (3H, s), 7.12 (lH, s), 9.93 (lH, 8); MS m/z 
264 Bl+, 31 8). 249 cl.3 0). 236 (48 e), 205 (28 *I, 169 UCI %I, 135 (20 8). 109 (17 $1. tis was used for the next step 
withcut plrificatia 

t_eutul isovalerylacetate 13. lb a stirred ard cooled suqansian of NaH (760 mg, 19 mmol, 60 t dispersion in mineral oil) 

in dry PIP (40 ml) was acUed *ime a eoln of t_tutyl acet0xet~t.e (3 9, 18% mmol) in dry Tw (5 ml) at -5' tier AL 
Ihe mixture was stirred for 15 min at -5O a& ;-BX.i in @e.xane (1.65 N, 11.5 ml) was added dropwise below 0'. 'lhe 
mixture wa* stirred for 15 min at -5O and a soln of '-prI (3.S7 9, 228 mm011 in dq nlF (5 ml) was added. ?he mixture w*s 

stirred for 3 h at -5-V ard for I.5 h atrcomtemp, pxred into ice-3 N HCl and extracted with ether. 'IBe extract was 
washed with 5 8 Na2S203 sol", sat NaHCO3 sol" and brine, dried (M9S04) and concentrated in vacua. The residue was -- 
distilled to give 2.86 g (75.3 e) of 13, b-p. 54-57'/3 Torr. 
~wia~s1~.16 

Its Ii? and NMR were identical with those reported 

~5S~SRS,9S,10R,l~S~-9-~1'-t-~~yl-2'-4'-me~ylpantyl~-S-fonnyl-l0-m~~~yl-4,4~ime~yl-7~~l~ 14. 
To a auspznsicm of NaH (70.2 mg, 1.76 mmol, 60 l diapersian in mkal oil) in dry C&, (5 ml) was added dropwise a aoln of 
l3 (312 m9, 1.56 mmol) in dry C& (5 ml) at 0' rmder Ar. ?he mixture was stirred foe15 minatnwm tampand a solnof 12 
(343.9 mg, 130 mwl) in dq C& (10 ml) was added wise OvBr IO min. Rnt mixtrue was stid for 30 min at room temp 

m was added toquench tha reaction and the mixture was pxxxlintoice-water. ?he organic layer was separated and the 
aqleyerwasextractedwith m3. T?ae cnmbined extract was washed with brine,dried @+.934) and ancentratedin vaaao to -- 
give 684.2 mg (quantitative) of 14 .¶a an oil# - 1730 (s), 1640 (61, 1595 (81, 1395 (s), 1370 (81, 1255 (s), 1220 (a), 
1150 (8) cm-l, RLis was used for the next step immediately withcut pxificatia 
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(+)-nethyl (5q~~,l~)-7,12-diaxcebiet-l3-en-2Wcate 15. A aoln of 14 (661.8 mg. l.43 mmol) and p-Tecsl (20 mg) in m 

(16 ml) wss stirred and heated under reflux for 35 h waler Ar. l% mi*ure was oxled to room temfi trested with tWXz 

W nh$ alrd caxxntrsted in MCUQ l%e residue wss diluted with water snd extracted with olc13. 'Ihe extmct wss washed 

with sst NsWX-3 soln Md brine, dried tHgS.34) ard ooncantrsted in VsM to give 3795 mg (84.2 a) of 15 ss crystals. lhis 

was recrystallized fzvm E- hexane-EtaW (5:l) to give colorless "e@les, q 2Ol-ZO2~r lolb7 +5z0° (@J.49, aiCl3h vmsx 

1715 (s), 1705 (81, 1660 (81, 1220 (s), 1185 (n), 1155 (ml, 1135 (m), 1075 (m) cm-18 6 (100 IWz, aJZ13) 0.82 (3& SL 0.92 

(3H. s), 1.02 (3H. d, J=7 Hz), 1.08 (3H. d, J-7 Hz), 1.12-1.80 (8% ml, 2X0-2.76 (4H. m), 2.88 (1H. sep, J-7 Hz). 3.72 

(1H. t, J=5 Hz), 3.78 (3H, s), 6.73 (lH, dd, J=l and 6 Hz). (Pound: C, 73.16; H, 8.82. Calc for C2lH3004: C, 72.808 H. 

a.73 B). 

neulyl (5S,1CR)-12-hydroxy7-omsbietzrE,ll,l3-t 16. C5tl*3 (326.5 mg. LO2 min01) wss m b s stirred 

soln of 15 (336.6 rrq, 0.972 mm011 in I\oM (17 ml). l%e mixture wss stirred for 1 h at loom temp. treated with water (2 ml) 

and amcentrsted in v-s- TW residue wss extracted with olCl3. Ihe exersct was washed with sat-3 ~oln and brine. 

dried (HgS04) snd amce"tratsd in vs- to give 333 mg (qusntitative) of 16 a.8 an emorFhavl solid. umsx ((31c13 sol") 3300 

(br. m), 3040 (w), 1725 (s), 1660 (8). 1600 (s), 1505 (w), 1390 (w), 1370 (w), 1300 (81, 1270 (s), 1220 (8) Cm-l, This 

wss used for the next step withcut prrificatia 

B (5S,1W-12-h~ieta-'3,11,13-trien-~te 17. 10 . F-d-C (150 mq) was addej to s ml" of 16 (280 mg, 0.813 

mrol) ard - H+B" (3 dnxs) in _ (20 ml) and ths mixture wes stirred viqxcusly for 13 h rnder H2 at 35'. 'Ihs 
mixture was filth thrc& Celite an3 the filtrate wss washed with wster, sat NsWZ33 sol" ard brine, d&d (Hg904) and 

concentrat& in vs.cuo to give 2398 mq 039.3 a) of 17 as a gum. -- wm~. (OXZ~~ ml") 3450 (bra), 3040 (w), 1720 (s), 1615 

(w), 1510 (m), 1390 cm), 1370 (m), 1325 (ml, 1220 (8) cm-18 6 (C!X13) 0.77 (3H. s), 0.97 (3H. s), 1.21 (6H. d, J-7 Hz), 

1.34-2.63 (9H. m), 2.63-3.21 OH, m), 3.58 (3H, s), 6.132 (lH, s), 6.96 (lH, 8)) HS m/z 330 CM+, 42 *), 271 (100 t), 255 (4 -- 
W, 229 (9 %), 215 (7 t), 201 (22 0). 16-9 (34 01, 175 (33 BL tis wss used for the next step without prification. 

(+)-methyl (5&1W)-12-methxy.+ieta-8.11,13-trien-20-=&e lb. Anhm K2033 (87 9) wss added to s SoIn of 17 (214 mgO 

0.65 mmol) and He2.934 (0.55 ml) in dry acetone (35 ml). Ihe mixture was stirred and heated under reflw for 17 h, awled 

to - temp and filtered thrcugh Celits ~hhe filter-cake wss washed with ether. 'l%e oanbined filtrate ard washings w-e 
mcentrated in vxuo. The residue was treated with water (20 ml) and extracted with ether. The extract wss washed with -- 
dil Ml3 q, water ard brine, dried W.@J4) srd mncentrated in vscw. ?he residue (230 mg) was chromat.cqraFh~ _ SiO, 

(2 g) to give lS2.S mg (81.9 %) of lb aa a visa oil, &l% [albg +116' (cd44, MeClih vmsx 1720 (s), 1615 (ml. 

1505 (s), 1250 (6). 1220 (s), 1160 (6). 1135 (s), 1060 (8). 990 (m) cm-l, 6 0C13) 0.76 (3H. 61, 0.95 (3H. s), 1.16 (6H. 
d, J-7 Hz), 1.32-2.60 (9H. ml, 2.69-2.92 (2H. m), 2.95 (lli, sep, J=7 Hz), 3.53 (3H, s), 3.73 (3H. 81, 6.75 (lH, 81, 6.90 

(1H. S)I MS z/z 344 (M+, 59 8). 329 (2 9). 285 (100 0). 269 (3 a), 243 (11.5 9). 229 (7 0). 215 (1'3.5 0). 203 (20.6 91, 

189 (2'3.7 0). 

(~,1~)-(+)-12-nethoxysbietzrS,11,13-trien-20-oic e [(5s,lCfO-(+)+Methyl pisiferic acid1 la A sol" of lb (162 mg, 

0.47 mm011 and ;-a (840 mg, 7.49 mmol) in dry DHSJ (85 ml) was stirred and heated for70 min at 95'. ?he mixture wss 

omled to nwm temp. pax& into ice-water, acidified with ant Hcl to pH 2 ~IXI extracted with ether. 'I%e extrdct was 

washed with water and brine, dried (HgSo4) ard oaxzntrated in va- l%s residue wss chromstogra~ - Sio2 (2 g) to -- 
give 110 mg of la aa crystal% ?his was recrystallized from I-hexane to give mlorless needles, m 126-129.5'. m.m.p 

123.6-126X (authentic sample: m.p 123-125'); [.]A6 +202' c-6, W~CH) [lit2 I~I# +214' (-3, HeWIt CD (c(*lM) 

g/l, t4ec.W r0& +tWxo, [OISfg -29OCo; "msx (CW13 sol") 3650-3100 (br.mm), 3040 (w.sh), 2970 (81, 2940 W, 2920 (s), 

2880 (s), 2700-2300 (bra), 1690 (81, 1615 (ml, 1575 (w), 1505 (a), 1460 (81, 1450 (ml, 1405 (ml, 13% (ml, 1370 (m). 1325 

(m), 1315 (w), 1295 (w), 1275 (ml, 1250 (s), 1230 (ml,1215 (m), 1200 (w), 1180 (w), 1160 (ml, 1140 (w), 1120 (w). 1105 

(w), 1085 (w), 1080 (w), 1060 cm), 1030 (w), loo0 (w), 990 (w), 980 (w), 955 (w), 940 (w), 920 (w), 900 (w), 890 (w). 950 
(w) cm-l, lH-NMR 6 (100 MHZ, CDc13) 0.83 (3H, s), 0.97 (3~. s), 1.17 (6H. d, 557 Hz). 1.31-2.68 (9H. m), 2.68-3.03 (2H. 

ml, 3.21 (1H. sep, J-7 Hz), 3.73 (3H. s), 6.75 (1H. s), 6.90 (lH, 61, 11.10 (1H. br.s)r 13C-NHR 6 (25 MHz, CDc13) 18.54, 
20.08, 20.37, 22.49, 22.78, 26.54, 29.32, 32.09, 34.07, 36.67, 41.82, 47.49, 52.37, 55.41, 107.51, 127.0'3, 128.81, 135.90, 

137.63, 15488, 182.10; The IR and ~H-NMR spears were identical with the authentic spectrs kindly sent TV us by Prof.K. 
Wads and or. M. Yatagai. (Fcurd: C, 76.48; H, 9.32 C.slc for C21Hf13: C, 76.32; H, 9.l5 t). 

W-4a-Methaxy csrtcny1-8.Sdimethy1-2.3.4.4a.5.8-be~sh *ma@lt.hs1e"-2-o"e % lb s stirred .srxl ice--led soln of 7a I2 

g, 7.93 mmol) and B4AP (484 g, 39.6 mix&) in dry at2C12 (85 ml) wss added WC1 (3LU g, 198 mmol) droprise urder Ar. 'Ibe 

mixture was stirred for 30 min (It 0' and overnight at rcan temp Water (50 ml) was added to the mixture and ths stirring 
was continued for 30 min. ?he organic layer wss separated and the sq layer wds extracted with ether. ?he combined extract 
was washed with dil HCl, sat N&Z33 soln ard brine, dried 04gSJ4) and cxzxentrated in vscxb lbs residue Gtl g) wss 

chromatcqraphed over SiO, (30 g). Elution with +xxsne-Et& (15:l) geve 830 mg (75.1 8, bssgl on the ccmsumed 7a) of 9'. 

Further elution with fi-hexsne-MOAC (3:l) gave unchanged 7s (810 mg). l%e IR, NMI? ti mass spectra of 9' were identical 
with tb0se of 9. mis was used for the next step withcut further pxificatim. 

(5R,1OR)-(+)-lO-Metxycart.x,yl-4,4-X~rethyl-7-decalcme 10'. in the same manner as described for the Ixeperaticm of 10. 

810 ma (3.46 mmol) of 9' vielded 735 ma (89.2 8) of 1V. hn 103-1050/0.1 'ltxr~ d3 1.4900; [sli13 +733' (c=lD3. CWlq)r 

'Ihe IR, NMR and ~sss spectra were identical with those of 10. @bud: C, 7O-l31 H, 9.43. Calc for Cl4H2p3: C, 70.551 H, 

9.31 0). 

(5R,1OS)-8-Formyl-l~methqcxbmyl-4,4~~thyl-~S-7~lme 12'. In the same manwr a3 described for the preparation 
of 12, 520 mg (2.M mmol) of 10 yielded 429.9 mg (745 8) of 12'. ?he 1% NllR and mass spectra were identical with the-se 
Of 12. llCs was used for the next step withcut prrificatia 

~5R,BRS,9R,laS,l'RS~-~~l'-t-~t~~yl-2'-4'~~yl~tYl~-8-f~l-l~~~Yl-4,4~Yl-7~I~ 

14'. In the ssme msnner .as described for the ppsrstion of 14, 429.9 mg cl.63 mm011 of 12' yielded 780 mg (quantitative) 

of 14'. The IR spect~m wss identical with that of 14. ?his wss used for the next step without plrificatia 

(-)-Methyl Vi&8S,9S,lOS)-7,12dioxmbiet-l3-e"-2O-cete 15'. In the same mMner ss described for the prepsration of 15. 
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783 nq Q.67 mmol) of 14' yielded 450.0 mg (792 8 frw l2? of 15' aa crystals. lhis wan reaysbllized from n-hexanu- 

Etew (5:l) to gin ODlorlesa needles, m.p 200-201'1 ra1~3 -50.8" eO.48, arl3); 'Ihe IR and NnR qectra Were iaeltical 
with thcea of IS. (U C. 72.991 & 8&3. QIlC for C21H@4: C, 7280; rt 8.73 8). 

B (SILlaS)-12~~7~e~~,ll,l3-~m-~~ 16'. Inthesamemannerasdeacribedforthe&xepn¶tialof 
16, 407.4 mg (l.lB mmol) of 15' yielded 420 mg (quantitative) of 16'. The II7 spectrum was identical with t.h& of 16. 
This wa8 used for the next step withart plrificatia 

MeUlyl ~~1oS~-l2-hydroxyabieta-8,11,13-trien-2o-oate 17'. In the same mr as described for the ~eparaticm of 17, 

420 mg (1.22 mmol) of 16' yield& 35L9 mg (91.l a fraa 15') of 17. IheITbR,Np(RmassepactmwereWarecalwith 
those of 17. This was us& for tb next step withcut pvificatia 

(-)-Methyl (~lOS)-12-met~~,ll,l3~i~-~te lb'. In the same mMner a* described for the &repar‘¶tial of lb, 

340 mg (LO3 mmol) of l? yielded 251 mg (708 0) of *, d3 l.52461 [ala3 -122' b0.75, bbxXi)r ?he nt NnRarx3 ma88 
spectravereidenticalwiththceeoflh 

(5&1OS)-(-b12-WetInwabieta-8,11,13-trien-2O-oic acid ~(5R,1CS)-(-)+methyl pisiferic acid1 la'. In the same manner as 
desaibed for the mpxation of la, 2123 rq (~mrvz.1) of lb’ yield& 131 mg (64.3r)f la' as crystals. lhis Y~B 

recrystallized fran n-hexane to give mlarless needles, m 12~126'1 [aIs3 - 203' (cDQ15, W@X)r a~ (~20 g/l, Heal) 
loI& -1100@3, [@lrfg +26ooo1 ?he IB ard NElR spectra were identical with ttkzee of la. (lwarlz C, 76431 H. 9.21. c¶lc 

for C2lH3OO3: C, 76.321 H, 9.15 S). 

Aclmorledganntts - We are indebted to Prof. K. Wada (Nag~ye Gnivereity) for his m&ply of an authentic sample of (+)* 
methyl pisiferic acid. Copies of its IB and lIi NI4B spectra ve.n3 kindly sat to us by Prnf. K. Wada arrl also by Dr. M. 

Yatagai @xestry and Forest Prcduct..~ Reeearch Inetituta). 'R.is work was sumed by a Grant-in-Aid for Scientific 

&search, frcmJapanesenini&ryofScience. (XlltureandMwxtia 
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