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Abstract * A catalytic asymmetric synthesis of tk key intermediates 4 and 15 for tk 
capnelleno~ has been achieved through an asymmetric Heck reaction fotlowed by the acetate 
anion capture process. Furtkrmore, tk above reaction has been succesqiidly applied to an 
aynunetric Heck reaction -amine capture process. 

In 1989 we sumccdexl in demonstrating the first example of a catalytic asymmetric synthesis through the 

Heck reaction.1 leading to catalytic asymmetric syntheses of 1 of 92% ee,u 2 of 92% ee.3 3 of 86% ee4 and 4 

of 80% ~~5.6 Herein, we report a detailed account of the catalytic asymmetric synthesis of the key 

intemzdiates 4 and 15 fa A~t~~pnelltne-3~,8~,lOa-triol7 and A~12)~apne~~3~,8~10S14-te~l 10 as 

well as a catalytic asymmetric synthesis of the amine 33. These syntheses featme an asymmetric Heck 

reaction followed by the anion capture process.7 

Figure 1 
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Capnellenols are sesquiterpene alcohols 5-10. 

isolated from sun-dried colonies of the soft coral 

Cupnellu imMcura.* These substances appear to 

have protective roles against fish predation and 

invasion by microorganisms, larvae, and algae.9 In 

1986 we completed the fit total syntheses of (*)- 
w 

3, R,=R2=Fi3=R4=H 
5, R,=Rs=Rd=H, R2=OH 
Z , R,=R2=R4=H, R3=OH 

k 
8, R1=R2=R3=H, R4=0H 

R 
Aw12) - capnellene - 8l&lOa - diol g, (zb) - Ax12) - 

&?I& 
9, R,=Ra=H, R2=R4=OH 

lQ, R2=R4=H, R,=R&H 

capnellene-3~.8~,10a-triol7 and (f)-d~12~-capnellene-3~,8B,10s14-tetraol 10 starting with 3-methyl-2- 

cyclopenten-l-one Il.10 In rhcsc synthcscs. the Saegusa-Ito reactiontt was successfully applied to the silyl 

enol ether 12 as a key step, providing the cyclixed products u.14 and 15 in a ratio of 0.4 : 3.6 : 1.0 (79% 

yield). The mixture then underwent DBU-catalyxed isomerixation in refluxing benzene to afford only 15 in 

92% yield, which was effectively converted to the racemic capnellenols via the tricyclic intermediate 4.t2 

Scheme 1 

We reasoned that treatment of 19 with a palladium catalyst bearing an asymmetric ligand in the 

pttsence of a silver salt and some oxygen nucleophile (ROH) would ngioselectively afford the optically 

active bicyclic compomtd 22, a potential intermediate for 15, via the a-allylpaIladimu intermediate 21.13 The 

reaction would ptoceed via the M-electron Pd+ intermediate 20 formed by abstraction of I-? thereby making 

possible effective discrimination of the two olefinic double bonds to give 22 of high enantiomeric excess. The 

regiochemistry of 22 was expected to be efficiently controlled by steric factors. The requisite prochiral 

alkenyl iodide 19 was readily synthesized in 61% overall yield EtaIt@ with 16 as shown in Scheme 2. 

With the aim of application to an asymmetric synthesis, reactions utilizing (diphenylphosphino)ethane 

(DIPHOS) as an achiral ligand were first investigated. After several attempts, it was found that exposure of 19 

to Pd(OAc)z (5.8 mol %), DIPHOS (5.7 mol %) and tetrabutylammonium acetate (1.72 equiv) in CH3CN (60 

“C!, 112 hr) gave 22 (R=Ac) (52%) in a highly stereo- and regiocontrolled manner. The reaction did not 

proceed in the absence of tetrabutylammonium acetate probably owing to the stability of the z-allylpalladium 

intermediate 21. The stereochemical assignment for 22 (R=Ac) followed from the *H-NMR. which 

showed J.t, = 0.8 I-Ix. The coupling constant (J.t,= ca 8 Hz) was expected for the other epimer. Fmthermore, 

bmdiation of H. showed an enhancement of Hb( 1.1%) and I& (1.1%). The regio- and steteoselectivity are in 

acunxl with our expectation that an acetate anion should attack the Ir-allylpalladium complex 21 from the face 

opposite palladimnts at C-4. The acetate 22 (R=Ac) was transformed into the key synthetic intermediate 15 
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for (f)-‘land (i)-10 by the sequence : (1) 

LiOH in aqueous THF (89%); (2) PCC- 

MS4A in CH2Cla (95%); (3) 10% Pd-C in 10 

% aqueous KOH-EtOH uuder HZ (83%)14 as 

shown in Scheme 2. The spectral data of (*)- 

15 thus obtained were idential with those of 

an authentic sample.rO The synthesis 

described above is an improved synthetic 

route to (f)-7 and (*)-lo in terms of the use 

of a catalytic amount of Pd(OAc)z, because 

the former syntheses required stoichiometric 

quantities of Pd(OAc)2.t” 

The Heck reaction-anion capture 

process was next applied to a catalytic 

asymmetric synthesis. However, addition of 

a silver salt to the reaction medium, which 

schema 2 

CH 
3-S 

f,gh 

appears to be essential to obtain a cyclixed product of a high ee via a 16-eleectron Pd+ iutenuediate.2 was 

found to cause the decomposition of 19, probably owing to the presence of the cyclopentadiene moiety. For 

this reason, 22 (R=Ac) was obtained with only a low ee. For example, treatment of 19 with [pd(allyl)Cl]2 (10 

mol %), (R,B)CHIRAPHOS (10 mol %) and tetrabutylammonium acetate (2.9 equiv) iu tohreue (68 “C!, 144 

hr) provided 22 (R=Ac) of 20% ee in 61% yield, and use of (S)-BINAP gave 22 of 26% ee iu 39% yield. 

Furthermore, the use of TlOAc as a baser5 afforded the less satisfactory results. Assignment of the absolute 

confIguration was achieved by application of the CD exciton chirality method to the corresponding benxoate. 

aad the enantiomeric excess was unequivocally determined by the tH-NMR spectrum of the correspondiag 

MTPA ester. 

Iu order to overcome the above-mentioned problem, we undertook a catalytic asymmetric cyclixation 

utilizlug the comsponding ttisubstituted alkenyl triflate 23, which was expected to lead to the 16-electron Pd+ 

intermediate efficiently even in the absence of a silver salt,16 producing 22 (R=Ac) with high ee. The 

synthesis of 23, however, turned out to be unsuccessful. For example, none of 23 was obtained from 28 uuder 

various reaction conditions. Thus, we turned our attention to a catalytic asymmetric cyclixation of the 

pmchiral alkenyl triflate 29. The requisite alkenyl uiflate 29 was readily prepared in 42% overall yield starting 

with 24 as shown in Scheme 3. 

Treatment of 29 with Pd(OAch (10 mol %), DIPHOS (10 mol 46) and tetrabutylammonium acetate (2.9 

equiv) in toluene at 50 “C was found to give the expected product 31 in 61% yield as a sole product. The 

structure of 31 was determined from the *H-NMR spectrum, which showed J.t,= - 0 I-Ix. With this result in 

hand, a catalytic asymmetric synthesis of 31 was next examined. Fit of all, the use of (,S)-BINAPt’ in toluene 

(50 “C) was found to afford 31 of 26% ee in 79% yield. Assignment of the absolute couflgumtion was 

achieved by application of CD exciton chirality method to the eg beuxoate, aad the enantiomeric 

excess was unequivocally determined by the tH-NMR spectrum of the conesponding MTPA ester. In order to 

obtain a much higher enantiomeric excess. solvent effects were carefully examined. After several attempts, we 
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Scheme 3 

&itEz!kne (88%). (f) 
)p. TMBOlV (77% . (b) NaBHi (c) T&l. DMAP. pyridine; (d) DBU (88%); 

1 LD Tf#lph (71%); @) Pd(OA&, (s)-BINAP. Bu,NOAc, 
DMBO (89%); (h) NaOMk (88%): (9 PDC. MB8A (95%); Q CuBr, Red-Al. s-BuOH, THF. 

[ii3 t] Eif!t3ti (85%). 
; 0 I-DA, ICtW(OW-WCO~t (85%); (m) 80% HCIO,. Et& 

found that the use of DMSO gave 31 of 80% ee (50 “C). The results are summarized in Table 1. Futthermoxe, 

temperature effects wete also examined utilizing DMSO as a solvent. However, it was found that the reaction 

at 20 Oc did not improve the enantiometic excess, giving 31 of 80% ee in 77% yield. In order to obtain a 

better result, other various bidentatc ligands were further utilized in DMSO (20 “C). The use of BINAP, 

however, was found to give the best enantiomeric excess (80% ee). The results ate summarized in Table 2. 

The Heck reaction of a prochiral alkenyl iodide is relatively fast when AgOAc is used, indicating that the 

Pd+AcO- intermediate is formed effectively, but the ee of the product is low.2 Therefore, it is noteworthy that 

31 was obtained with a high ee even in the presence of excess tetrabutylammonium acetate. 

The asymmetric Heck reaction-acetate anion 

capture process described above was further 

optimized. After several attempts, we were 

Table 1. Solvent Effecl~ on the Catalytic Asymmetric 
synthesis of 310 

pleased to find that treatment of 29 with Pd(OAc)z 
Nn solvent time (hr) yield (W) ee (%) 

(1.7 mol %), (S)-BINAP (2.1 mol %) and 

tetrabutylammonium acetate (1.7 equiv) in DMSO 

at 20 OC for 2.5 hr produced 31 of 80% ee in 89% 

yield. The cyclized product 31 was then converted 

to 15 through 32 : [uJaoo +532’ (c 0.85, CHC13) 

i toluene 3.0 79 
MeCN 7.0 

:; 
:: 

3 dioxane 
4 DMF 4E 2: 
5 DMSO 0.i ;: 80 

a Pd(OAch (5 mol %), (S)-BINAP (6.4 mol %) and 
tetrabutylammonium acellltc (2.9 equiv) were used 
at 50 OC. 

(80% ee), the key intermediate for 7 and 10, in a 

four-step process (60% overall yield) (Scheme 3). 
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reaCtions were carried out in dry solvents under an argon atmosphere unless othenvii mentioned. Solvents wue distilIed befote use. 

lH NMB and MS data were obtained on all intern&&s described herein using chromatographiiy homogeneous samples 

(Z)-1,3-DIIIo-2+utene (17). To a solution of (Z)-l-hydroxy-3-iodo-2-butene19 (2.10 g, 10.6 mmol) In CH2Cl2 (30 ml) was added 

Et3N (9.0 ml. 64.5 mmol) and CI-@OrCI (6.0 ml. 77.6 mmol) at -30 Oc. The tea&on mixture was stirred for 0.5 hr (-30 Oc), 

quenched (ether, 200 ml) at rt, and fdtmed. ‘Ibe Blwte was concentrated to give an oily t&due. To a solutim of the oily r&due in 

acetone (45 ml) was added NaI (2.10 g. 14.0 mmol) at 0 Oc. llte reaction mixture was stirred at rt for 3 hr. quenched (ether, 200 

ml). and ftltered. ‘Ibe fdtmte was concetmated and purifiad by silica gel column (hexane) to give 17 (3.0 g. 92%) as a pale yellow 

oil : lEI NMR 6 2.50 (d, J=l.2 Ha. 3H). 3.85 (d.J=8.0 Hz. 2H). 5.70 (q, 1=8-O. 1.2 Hz. HI) : IR (neat) : 1630.1420,1~, 1145 

cm-l ; MS & 308 (M+). 181 (bp) ; HRMS (M+) calcd for C&I, 307.8559. found 307.8543. 

~(~~I~~~butcnyl~-~mc~yl-lt3_eycbpene (18). To a solution of 16 (1.00 g. 8.9 mmol) In aqueous B~~,NOH (40 

wt%.6.1ml,9.4mmol)~aMcd17~%~9.6mmol)indioxane(10ml)atdThcnactionmixtunwas~f~45~~r.~, 

diluted with AcOEt, wasbed with brine.. dried @&SO,), and concentrated. ‘Ihe residue was purified by sihca geI cobmm (A&Et- 

hexane, 1: 5) to give 18 (1.94 g, 74%) as a colorless oil : lH NMB 8 1.16 (s, 3H). 2.42 (dq,J=7.0.1.5 Hz, 2H). 2.50 (dt,I=lJ. 1.5 

Hz). 280 (broad s, 4H). 5.30 (tq, 1=7.0.1.5 Ha, HI) ; JR (neat) : 1720.1700 an-l : MS m/z 250.165(M+-I. bp) ; HRMS (JA+-I) 

c&d for C,&,& 165.0916. found 165.0937. 

5-[(Z)_~Iodo-2bu~nyIl-5-methyi~~opentne (19). To a solution of 18 (926 mg, 3.17 mmol) in MeOH (6 ml) was added 

NaBI& (263 mg. 6.92 mmol) at 0 Oc. lbe reaction mixture was stirred for 1 hr at 0 Oc. quenched (acetone), diluted with HsO. 

extnctcd (ether). The combii extracts were dried (NarSO;). and concentrated The oily residue was purifted by siIica gel column 

to give tIm diol(938 mg. 100%) as a colorless oil. To a suspension of TsCl(7.33 g, 38.5 mmol) in pyrIditm (6 ml) was added the 

diol(938 me) in CHaClx (6 ml) and DMAP (10 mg) at 0 Oc. The reaction mixture was stirred for 28 hr at n, diluted (CHzClr). 

sutzssively washed with 10% aqueous I&SO, and brine, dried (NasSO,), and concentrated. The residue was potitlcd by siBi gel 

column (AcoEt-hexane. 1 : 4) to give the ditosylate (1.60 g, 84%) as a yellow oil. A suspension of the ditosylate (1.60 g) and 

AlsOsm (23 g) in 12dIchlome&ane (23 ml) was reflexed with stirring for 5 hr. The reaction mixture was filtered and the liltrate 

was ancentravd llte residue was purlfled by silica gel column (hexane) to give 19 (613mg, 8!3%) as a pale yellow oil : II4 NMR 6 

1.16 (s, 3H), 2.35 (dq,J=6.6.1.5 Hz, 2H). 2.44 (dt, 1=1.5,1.5 I-Ix. 3I.I). 5.05 (q.l=6.6.15 I-Ix. lH), 6.24 (s, 4H) ; IR (neat) : 2950 
cd : MS &2&l (M+). 181.133.69 (100) : HRMS (h4+) c&d forC,&I,,l260.0062. found 260.0046. 

(UP, W, ss*)4_A~toxJr-1,6~imethykis-bic~l~3~0]~~-2~~ieoe (22). A mixture of 19 (46.1 mg. 0.177 mmol). Pd(OA& 

(23 mg. 10.2 pmo9, DIPHOS (4.0 mg. 10.1 pmol) and Bu$IOAc (92 mg. 0.31 mmol) in CHsCN (1.5 ml) was stirred at 60 Oc far 

114 hr ti the reaction mixture was directly pmitied by silii gel column (ether-hexane, 1: 12) to give 22 (B&c) (17.6 mg. 52%) 

aaacobrZessoil:1HNMR8l~(s,3H),l.70-l.84@roads.3H),2.04($3H),2.l~2.30(m,2H).250-2.70@Ioedd.J=0.88, 

HI). 5.W5.20 (bm~I s. H-I), 5.38 (dd, Js2.2.0.8 Hz, HI). 5.58 (dd.J=2.2,5.5 Hz. H-I), 5.86 (d.J=5.5 I-Ix. III) ; IB (neat) : 1735 

cm-* ; MS & 149,133 (M+-AcO, bp) ; HBMS &I+-AcO) calcd for Cu,I-I,r 133.1017, found 133.0992. 

(lR*, SR*)-S,8-Dimetbyl-cis-blcyclo[3.3.O]oct-7-en-2-one (15). To a solution of 22 (25.0 mg, 0.130 mmol) in THP (0.5 ml) was 

ad&d LiOH (12 mg, 0.50 mmol) in H&l (0.5 ml). The reaction mixture was stirred at R for 48 hr. diluted with brine, extracted with 

ether. The organic extracts were dried (Na$O& and concentmted. The residue was pmifled by silica gel column (ethe-r-hexane, 1: 

1) to give the alcolml(l7.4 mg, 89%) as a colorless oil. To a solution of the alcohol (17.0 mg, 0.113 mmol) in CHsCls (1.2 ml) was 

ad&d PCC (26.5 mg. 0.123 mmol) and MS4A (100 mg). The reaction mixture was stirred at rt for 2 hr. diluted with ether, and 

directly pm&d by silica gel column (ether-bexane. 1: 4) to give the enone (15.8 mg. 95%) as a colorless oil To a solution of the 

enooe (6 mg. 0.041 mmol) in EtOH (0.18 ml) was added 10% W-C (0.6 mg) and 10 % aqueous KOH solution (0.02 ml). The 

reaction mixture was stirred for 15 min at rt under hydrogen atmosphere and tiltered. The &ate was concentrated to give an oily 
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residue, which was purified by silica gel column (ether-hexane. 1: 8) to give 15 (5.1 mg. 83%) as a colorless oil : 1~ NMR 6 125 

h3H). 1.96 (m. 5H). 216-243 (m, 4H), 257 (broads. HI). 5.32 (butad s, Hi) ; R (neat) : 1744 1450.1410,1380 cm-t ; MS & 

150 (M+). 121.107.94 (bp). 79 ; HBMS @VI+) c&d for &HI40 150.1043. fwnd 150.1033. These spectrat data were identicat 

with those of an authentic sample.tO 

(M, 4.S. SS)-4-Acetoxy-l&dimethyl&-bicyclo[33.O]octa-2,6diene (22). A mixture of 19 (60.0 mg. 0.231 mmol). fPd(aByl)Ct]z 

(42 mg. 11.4 pmol). @P)-CHIBAPHOS (9.8 mg. 23 pool) and Bu,+NOAc (202 mg. 0.67 mmol) in toluene (2.0 ml) was rtirrcd at 

60 “C for 144 hr. and the reaction mixture was directly purified by silica gel column (ether-hexane, 1 : 12) to give 22 (27.0 mg, 

61%) as a colorless oil. llte spectral data were idetmcal with those of (i)-22. The cormsponding M’IPA ester showed that 22 thus 

obtained was 20% ee, and the absolute conftgumtion was determined utiliiing the cotrcsponding benxoam. 

2-(3J-Ethylenedioxybutyl)-2-methyl-l~-cyclopentanedione (25). To a solution of 2421 (145.0 mg. 0.797 mmol), I$& 

bis@imethylsilytoxy)ethane (0.22 ml, 0.897 mmol) in CH$ls (0.8 ml) was gradually added TMSOTf (15 pl, 0.078 mmol) at -78 

“C. The tea&On mixturn was stirted for 1.5 hr at the same temperature, quenched by the addition of pyridine (0.1 ml), pouted into 

~atd. aqueous NaHcos s~h~tron with vigorous stirring (-78 Oc + R ). and extracted with edter. The organic extracts were dried 

@&SC4 and Nazco3 and concentrated.. The msidue was pmitkd by silii gel colmnn (BtOAc-hexane, 1: 2.5) to give 25 (138 mg. 

77%) in colorless oil : ‘H NMR 6 1.10 (s. 3H). 1.26 (s. 3H). 1.40-1.90 (m. 4H), 2.76 (s, 4H). 3.80-4.0 (m. 4H) ; IR (neat) : 1720 

cm-l ; MS m/z 226 PA+>. 211.125.99.87 (bp) ; HRh4S (‘I@) calcd for CIzH1s04 226.1205. found 226.1178. 

15-Bis@-tolu~~lf~y~y)-2~3~-~hylenedioxybutyl)-2-me~ylcyclopen~ne(27). To a solution of 25 (6218 g, 27.5 mmol) 

~MaOH(~ml)wasaddedNaB~(1.248g.33mmol)atOOC,sndthercactionmixtunwasslimdruOOCfor05~andnforO~ 

hr. quenched by the addition of acetone, diluted with HsO, and extra&d with ether. The organic extrrszts wae dried (NaxSO,). and 

cawmoated. The oily residue was purikd by silica gel column (ether) to give 26 (6.330 g, 100 %) as a colorless oil. To a solution 

of26 (6.330 g. 27.5 mmol) in pyridine (18.9 ml) was added TsCl(22.5 g. 118 mmol) and DMAP (10 mg). The ma&o mixture was 

stitmd at rt for 34 hr. diluted with CHsCls, and successively washed with satd. aqueous CuSO, solution, satd. aqueous NaHCDs 

soWon and brine. The CH&Is layer was dried (Na2S04). and concentrated. The residue was pttrifti by silica gel coltmttt (BtoAc- 

hexane. 1: 2) to give 27 (13.317 g. 90%) as a colorless oil : lH NMB 8 0.80 (s. 3H). 1.14 (s. 3H), 1.10-2.20 (m. 8H). 2.44 (s, 6H). 

3.80-4.00(m.4H).4.40-4.70(m.2~.7.34(d.l=8.0Hz,4~.7.80(d.l=8.0Hz,4~:IR(neat):2950.1360.1180~-t;~~ 

IIt& @@-CHs), 367.91 (bp) ; HRMS @l+CH,) cakd for Ct2H,,O& 523.1461. found 523.1462 

S-Methyl-W-oxobutyl) cyclopentadiene (28). A solution of 27 (2.51 g. 4.67 mmol) and DBU (2.7 ml) in benzene (6 ml) was 

mfluxed with stirring for 5 days, and the reaction mixture was directly puritied by silica gel column (ethm-hexane, 1: 5) to give 7.8 

(890 mg. 98%) as a colorkss oil. To a solution of 28 (LOO g. 5.15 mmol) in acetone (9 ml) was added TsOH (10 mg). The naction 

mixture was stirred for 11 hr at tt, diluted with hexane. successively washed with satd. aqueous N&ICC, solution and brine, dried 

@h&)4). and concentrated. The residue was purified by silica gel cohunn (ether-hexane, 1 : 15) to give 28 (630 mg, 82%) as a 

~mrlcss ofi : ‘H NMR 6 1.16 (s. 3H), 2.04 (s, 3H), 1.08-2.28 (m. 4H). 6.00-6.30 (m. 4H) : R (neat) : 1720 cm-t ; MS &g 150 

clrr+>. 92 (100) ; HRMs (I@) cakd for C&40 150.1045. found 150.1050. 

S-Me~yl-5-(J-b~uorome~an~ulfonyloxJ-l) cyclopentadiene (29). To a solution of LDA (0.997 mol) in THF (13 

ml) was gumduslty added 28 (124.9 mg. 0.831 mmol) in THP (14 ml) at -78 “c. and the reaction mixture wm stirted for 80 min at 

the same tunpertttm’e. TO this enolate solution was then added PhNTfs (386.0 mg, 1.08 mmol) in THP (14 ml) at -78 Oc, and the 

whok reaCtiOn mixture was Stirred at 0 “C for 3 hr and at rt for 16 hr. and concentrated. The residue was purifmd by silica gel 

~UNI (hwrane) to give 29 (165.9 mg. 71 W) as a colorless oil : lH NMB 8 0.96 (s. 3H). 1.40-1.70 (m. 2H). 1.80-2.00 (m. 2&I). 

4.3o(m. W.4.70 (d.J= 3.8 Hz. HI). 5.80-62O(m.4H) : IR (neat) : 1415,1210.1140cm-1 ; MS &282@1+).93 (bp) ; HBMS 

@+) cakd for CrtH,sO$Ps 282.0537. found 282.0514. 
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(l& 4& ~A~l-methyl~~y~~~~-bi~cl~3~~1~-2~~ (31). A mixttm? of 29 (240 mg. 0.993 mmol), w(OAck 

(3.8 m& 16.8 itmol). (S)-BINAP (13.2 mg. 21.2 ~9 and Bu.+NOAc (512 mg. 1.70 mmol) in DMSO (4 ml) was stirred at rt for 1 

hr. and the restion mixture was directly putif& by silica gel column to give 31(170.0 mg. 89%) as a pate yetlow oil : tH NMFt 8 

1.26 (s, 3H). 1.4G1.90 (m. ZH), 2.04 (s. 3H). 2.1G2.40 (m. 2H). 2.50-2.70 (broads, 1H). 5.00 @toads. 1H). 5.10 (broads. H-l), 

5.40 @mad s. 1H). 5.70 (dd,J = 6.0.20 Hz. 1H). 5.90 (d. I = 6.0 Hz, 1I-l) ; lR (neat) : 1740 cm-l ; MS J& 149 (IA+-AC). 132 (bp). 

117 : HRMS ~-AC) calcd for Cl&,0 149.0366. found 149.0983. The cotresponding MTPA csm howal that 31 thus o&ained 

~8o4bee,~~rbsolu~~onwas~intdutilizingthecomspondingknmatt 

(lR, sn~S~D~~yl~-b~~[33.0]~-7-e (15). To a solution of Jl(34.0 mg. 0.177 mtnol. 80% cc) in THF (1 ml) 

~ddsdNdlMc(27.0mg.05mmd)atOOC.Thenactionmix~~PtirradforatthcJsmctrmpaa(un18hr.dilutedwilh 

brine.udextnctodwithechcr.‘Iheecherextractsweredried~~O,).endMnceneatedTheresiducwaspllrifiedby~gel 

column (uber-hexane. 2 : 3) to give the allylii alcohol (22.7 mg. 85%) as a colorless oil. To a solution of the allyiic akzobol(59.0 

gm. 039 mol) in CHsCls (4.5 ml) was added PDC (238.0 mg. 0.755 mmoi) and MS3A (510 mg) at 0 Oc. The tea&n mixture was 

sdned for 5 hr at rt, diluted with ether, and filtered through florisd. The fdtrate was concentmted. and the residue was purifmd by 

silica gel column (ether-hexane. 2 : 3) to give the cnone (55.0 mg, 95%) as a colorless oil. To a solution of CuBr (208.0 mg. 1.45 

mmol) in THP (1 ml) was added Red-Al (70% toluene solution. 0.42 ml, 1.45 mmd) was added at -20 “c. and the reaction mixture 

was stincd for 0.5 hr (-28 “c). To the resulting mixture was gradually added 2-butanol(0.3 ml) and then the atone (33.4 mg. 02.26 

mmol) itt THP (2 ml) at -78 Oc. The whole reaction mixture was stirred at -20 Oc for 35 min. quenched by the addition of satd. 

aqtmous NH&l solution. diluted with Hfl and ether. stied for a white, and extracted with ether. The ether extracts wem washed 

with brine. dried (NasSO& and concenttatcd. The residue was purified by silica gel column (ether-hexane. 1: 6) to give the ketone 

32 (28.0 mg. 83%) as a colorless oil. To a solution of the ketone 32 (131.0 mg. 0.873 mmol) in bcauene (1.5 ml) was added DBU 

(0.25 ml), and the reaction mixture was refluxed with Wring for 12 hr. neutralixed with 10% aqueous HCI. and exuded with 

ether. The ether extracts were successtvely washed with satd. arqeous NaHCO, solution and brine, dried (F&$04). and 

concentrated. ‘lbe residue was purified by stlica gel column (ether-hexane. 1 : 6) to give 15 (123 mg. 90%) as a colorless oil. The 

speuml data wut identical with those of an authentic sample.tO [als’$ +532” (c 0.85. CHCQ 

(lR, 6R, ~S)-3-Ethoxycarbonyl-8,1l-dimethyltricyclo[6.3.O.Oz~‘]undeeane-2,lO-dien4oac (4). To a solution of LDA (2.66 

mmol) in THF (3.5 ml) was added 15 (200 mg, 1.33 mmol. 80% ee) m THF (0.6 ml) over 5 min at -78 “c. and the reaction mixture 

was stirred for 45 min at -78 “C. To thrs enolate soluuon was then added ethyl+iodo-3-methoxycrotonate (720.0 mg, 2.67 mmol) 

in THF (0.3 ml). The whole reaction mixture was stirred for 0.5 hr at- 60 “c and for 0.5 hr at rt, quenched by the additton of satd. 

aqueous NH&I solution. extracted wuh ether. The organic extracts were washed with brine, dried (NazSO,). and conceutrated. The 

residue was punfied by silica gel column (ether-hexane, 1 : 6) to give the mono-alkylatcd product (331 mg. 85%) as a colorless oil. 

To a solution of the mcno-alkylatcd product (331 mg, 1.13 mmol) m ether (4 ml) was added 30 % HCIO,, and the reaction mixture 

was stirred for 12 hr at rt. quenched by the adduon of sa:d. aqueous NaHCOs soluuon, and extracted with ether. The ether layers 

were washed with brine, dried (NasSO.,), and concentrated. The residue was pur~ticd by srlica gel column (ether-hexane, 1 : 3) to 

give the 8-keto ester (284 mg, 90%) as a colorless 011. To a soluuon of the 8-keto ester (284 mg. 1.02 mmol) in EtOH (3 ml) was 

added NaOBt (1.53 M EtOH soluuon. 1 ml, I 53 mmol) at rt. The rcacuon mtxture was surrcd for I hr at the same temperature, and 

neutralii wuh 10% aqueous HCI. After evaporauon of EtOH, the aqueous layer was extracted wuh ether, and the ether extracts 

were washed wnb brine, dried (NasSO,). and concentmlcd. The restdue was puruied by sdrca gel column (EtOAc-hexane. 1 : 2) to 

give 4 (226 mg. 85%) : tH NMR 6 1.08 (d.J=12.8 Hz. Hi) 1.26 (s. 3H). 1.36 (t, J=7.0 Hz. 3H). 1.73 (m. 3H). 2.00-2.24 (m. 2H). 

2.44 (dd, J E4.6.2.2 Hz, 2H), 2.70 (dd, /=18,6kn15 Hr. lH), 3.10 (m. 1H). 3 75 (broad s. IH). 4.32 (q. J = 7.0 Hz, 2H). 5.40 (m. 

1H). IR (neat). 1750, 1720. 1450 cm-’ : MS gt/4 260 (M+), 215.214 (M+-EtOH. bp), 199.145.143,91,77 ; HRMS (M+) calcd . 
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farC~&&26l.1410. found 260.1405. ral=D +SW (c l.OO.CHCl&Tllc rpocrnidammre idal&al wi& w&If= m 

rurpk’O 

(rs, 4s ssWuv*~iBo)-l--etbyl&mtiy ~x3~loct-&me (33). 8) A M of 29 (30.1 mg, 0.107 

mmd) wo2 (12 mg. 53 ~100. (SkBlNAF (4.18 mg, 6.7 pm09 and bauybob (0.423 ml, 0.213 mm00 in DMSG (2 ml) 

mrlirrsdrrtfa2h;mdthererctimmixtlmwrr~prifiedbyoiliagcl~(AdlBt-bexme.1:10)(o~33(19.4 

mll. 76%) a9 a pk yelbw oil : 1H NMR 6 1.26 (8.3H). 1.46-1.33 (m. lH), L57 @mad r. 1H). 1.66-1.71 (m. Hi). -223 (m. 

w). 2.53 (8. 1H). 3.60 (Q b2.2 I& 1H). 3.82 (a, 1=13 Ik 1H). 3.93 (4b13 Hz. 1H). 4.83 (& 1H). 4.87 (r. lH), 5.59 (d J = 5.5 

Hz. IH). 5.70 (db J=S5.22 Ik 1H). 7.22-738 (m. SH) ; ‘C NMR I 157.4.141.6.140.4.1309.128.4.128~126.9* 103.6.73.9, 

6Ofi. 56.7.519.38x). 332 283 ; IR (mat) : 2947.1654.1452 cm-1 : hS mh 239 (b@), 224.148.91 (bp) ; [a]% +9300 (C 0.83. 

0. 

b) A mixture of31 08.4 m(t. 0.161 mmds 80% cc). lWaUyl)Clh (1.47 m& 4.0 eund). 1,4-bk(dipt~~yl@o#dao)Lmane (4.12 

~9.7~udbcazyhmme(O.~d0322mmd)inD~(Iml)rvlr~~rt2bt.rdIheractiollm~wu~y 

pmsedbysik8gclcoIumn(AcGEt-kxalle.l: 1o)togive33(21.omg.54%)~apnleyellowoil.~rprctnldrts~idcnticrl 

with tboac of an 8utbak sample. [alao +922O (c 1.05, CHCl3). 

Ac~kd~ent. This study wm fwncially supptcd by Gmat-in-Aid far Sciii Rcxalch on Primity Alus (Multipkx 

orgnieSyStCmS)fWlthCMildSQOfBdIKXtb,!kiWC~CUltmC,Jlpsn. 
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