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Abstract: A first total synthesis and structural revision of chromomoric acid D-I methyl ester 1 were described.
Addition of organolithium reagent 13 to epoxy ketone 10 followed by regio- and stereospecific reductive ring

nnenmo affarded diol 16 which after PDC oxidation and aldol condensation. gave rise to dienone 19, Qeqnpntiul
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dcsﬂylanon oxidation, esterification and thermolysis provided precursor 24 which was then converted to 1,
resulting in the revision of the originally postulated structures. © 1998 Elsevier Science Ltd. All rights reserved.
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Ogl(..ai d&llVl[y has not yet been determined. owever mey bear structural

resemblance to the marine prostanoids clavulones I-IV (5-8),® which are biosynthetically derived from
arachidonic acid and exhibit remarkable antitumor and antiinflammatory activity. This distinct feature greatly
aroused our interest in the possible biological activity of this family of new octadecanoids and a total synthesis
would be highly significant as they exist only in minute amounts. Herein we report the first total synthesis and
structural revision of chromomoric acid D-1 methyl ester.*
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Total Synthesis of Chromomoric Acid D-1 Methyl Ester (1)
Contrary to the previous synthesis of clavulones which was based upon the cyclopentenone chemistry,’

our synthesis of chromomoric acid D methyl ester utilizes tricyclo[5.2.1.0*%]decadienone (9) as a starting
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material with a [4+2] thermal cycloreversion as the key strategy. As a consequence of the rigid molecule 9
with the endo configuration, the stereochemical course of the reactions at the enone function is well defined,
which allows highly stereocontrolled synthesis of a variety of natural products.®

Epoxy ketone 107 was readily available from dienone 9 by epoxidation with alkaline hydrogen peroxide
in quantitative yield.* The attachment of the eight-carbon side chain was initially made through the addition of
Grignard reagent 10a. Treatment of epoxide 10 with Grignard reagent 10a prepared from the corresponding
bromide at 40 °C for 3 hrs in THF afforded only 24% vield of the rearranged adduct 11 plus 40% yield of
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enoxv alcohol 12 resultino from the reduction of en e 10 The ctareachemictrv of the endo-alcoholic
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However, addition of the corresponding organolithium reagent 13 to epoxy ketone 9 at 0 °C for 3.5 hrs
stereospecifically produced ca. 1:3 mixture of epoxy alcohols 14 and 11. After this reaction mixture was
stirred overnight (15 hrs) at room temp., tertiary alcohol 14 was completely converted via a Payne
rearrangement’ to secondary alcohol 11 in 89 % ioslated yield. Acetylation of 11 with acetic anhydride in
pyridine afforded a less polar product 15 in which the & of H-5 was shifted down to 4.42 ppm (d) from 3.77
ppm (d) in alcohol 11, indicating that 11 was a secondary alcohol. Upon treatment with LiAlH,, epoxy
alcohol 11 underwent stereospecific reductive ring opening to give diol 16 in 91% yield.

As the target molecule contains a ketone and a carboxylate group, we initially intended to make the

modification of the eight-carbhon side chain bhefore attachment of the five-ca
oguication of the eight-caroon sig¢e chain pefore attachment or the e-ca
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oxidize triol 17 to a keto acid or a keto aldehyde always led to complicated results. However, P
of the secondary hydroxyi group in dioi 16 afforded in high yieid B-hydroxyl ketone 18 (90% yiel
the key intermediate to all members of chromomoric acid D.

The most critically difficult step, construction of the whole skeleton of chromomoric acid D through
crossed aldol condensation, was achieved after a great deal of experimentation. The lithium enolate,



generated by dropwise addition of B-hydroxy enone 18 to 2.5 equiv. of LDA in THF over 25 min followed by
a further 10 min stirring at -78 °C, was treated with 2.0 equiv of freshly distilled 2-pentynal at -78 °C for 5
min. The resulting reaction mixture was allowed to warm from -78 °C to -10 °C, and then stirred at -10~0 °C
for 4 hrs to afford 73% of dienone 19 in isolated yield. The newly formed olefinic bond at C-4 was assigned
to be E configuration without the 4,19-Zisomer by '"H NMR analysis (Scheme 2 ).
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Reagents and Conditions: a) Li(CH,)sOTBDMS(13) (1.1equiv.), Et;0, 0°C, 3.5h, then rt, 15h; b) Ac;0, Py,
rt, overnight, 93%; C)LiAlH,, THF, 0-5°C, Sh; d) n-Bu,;NF, THF, 30°C, 6h; e) PDC, CH,Cl,, 4AMS, rt,
2.5h; f) LDA(2.5equiv.), EtC=CCHO(2.0equiv.), THF, -78°C, 5 min; then -10~0°C, 4h.

With the well-equipped dienone 19 in hand, the next steps were to subject it to retro Diels-Alder reaction

modify the side chains. Thermolysis of 19 by heating in a tube under N, and collecting the thermolysis

p.red,zct with a cold finger (cooled with dry ice-acetone) a an mmHg afforded crossed conjugated
dienone 20 (43% yield). However, desilylation of 20 was found to be extremely disappointing. Treatment of
AN il TIY AT mh e m e 4o P o o SR S 1 a1 AL YY 2 A O TT £
LU Wil 1 DA al 1o0oim (emp‘ d4I1oraca a very CO mpucatea Xl'Ul'e whnereas ihe reacnon wun NUAC-I1U-
THF gave a low yield of diol 21 (less than 20%) (Scheme 3 ).
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Reagents and Conditions: g) 255°C, 55mmHg, 4min; h) HOAc-H,O-THF( 3:3:1), 0°C, 1.5h.
Since this approach to chromomoric acid D methy! ester 1 eventually foundered on the poor yield of the
transformation of 20 to 21, we turned to the alteration in the synthetic sequence Treatment of TBDMS ether

ation in the synthetic sequence. T
19 with weak acid , HOAc-H,O-THF (6:3:1) at room temp. for 3 hrs gave alcohol 22 in quantitative yield.
Mild oxidation of alcohol 22 with PDC in DMF to the corresponding carboxylic acid followed by
esterification with an excess of CH;N; provided ester 23 ( 52 % yield from 22 ). Retro Diels-Alder reaction
of ester 23 at 240 °C and 70 mmHg afforded dienone 24 (64% yield), the precursor of chromomoric acid D-I
methyl ester 1 (Scheme 4).

The last step, selective hydrogenation of the triple bond in 24 to the cis double bond, turned out to be
very difficult. Hydrogenation with Pd-CaCO; in EtOAc -Py or other solvents such as EtOAc, EtOAc-
quinoline or n-hexane gave very complicated mixtures. After considerable endeavour, this hydrogenation was
eventually achieved when it was carried out in toluene with Pd-CaCOs as catalyst (15 °C, 9 min, 75% yield).

ey . 1 .
m initially revealed, on its "H NMR (600 M Hz, with CDCl; as

The product afforded from this reacti
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the solvent), the presence of only four olefinic protons in comparison with the '"H NMR spectrum reported by
Bohlmann, the absent fifth olefinic protons should appeared at  6.89 ppm. To our delight, however, with
CD;COCD; as the solvent in place of CDCls, the '"H NMR analysis distinctly showed five olefinic protons,

£ £
four of which co

ectrum in CDCl; and could be absolutely

assigned, on the basis of the multiplicity and coupling constant, to be H-10, H-11, H-15 and H-1
proton which was hidden in the signal of CHCl; (7.26 ppm) appeared now at 7.14 ppm! Further
characterization of this compound by IR, MS, HRMS and UV led to the unambiguous elucidation of the

target molecule 1 (Scheme 4 ).
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Reagents and Conditions: i). HOAc-H,O-THF (6:3:1), 0 °C then room temp., 3h. j).
S h; then CH,N,, Et,0, 0 °C, 10 min, k). 254

PDC, DMF, 4A molecular sieves, room temp., Sh;t i
0 70 mmHo § min 1 . PA_Cal0). tohiene room temn O min
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by analysis of its 'H NMR spectrum and in comparison with that of natural chromomoric acid D methyi ester
reported by Bohlmann®and clavulones.'® The configuration of the olefinic bond at C-15 was expected to be
cis since hydrogenation with Lindlar catalyst always gives a cis double bond and this was confirmed by the
coupling constant (Jis.1s 10.8 Hz ) between H-15 and H-16. The configuration of the olefinic bond at C-13
was determined from the chemical shift values (§) of the H-14 signals of our synthetic chromomoric acid D

methyl ester and the natural substance reported by Bohlmann. 2

d
olefinic proton H-14 in our synthetic chromomoric acid methyl ester was observed at § 7.29 ppm, whereas in
the natural compound” which was previously postulated to have the structure of chromomoric acid D-1 methyl
ester 1, the chemical shift of H-14 was at 5 6.89 ppm. In clavulone I, H-7 corresponding to H-14 in
chromomoric acids was at 7.27 ppm, whereas in clavulone IV, the chemical shift of H-7 was at 7.02ppm.*°
Therefore it was concluded that our synthetic chromomoric acid D methyl ester should be assigned
chromomoric acid D-1 methyl ester 1 having 13 £ configuration and the natural product which was once
postulated to be chromomoric acid D-I methyl ester 1 should be revised to be chromomoric acid D-IV methyl

ester 4 having 137 configuration.
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In summary, starting from dienone 9, the first total synthesis of chromomoric acid D-I methyl ester 1 was
achieved in nine steps in 13 % overall yield . The synthesis described herein is highly regio- and
stereoselective and is also allowed for the synthesis of chiral chromomoric acid D methyl esters in a
straightforward way due to the availability of chiral enone 9."" Furthermore, through this total synthesis, the
originally postulated structure? has been revised.

yeneral remarks: IR snectra were measured ac neat films on a Shimadzu IR-440 or a Rio-Rad Digilab
Ueneral remark: specira were measureg as neat iums on a Snimadzu iR-440 or a Bio-Kad nguad
FTS-20 E infrared spectrometer 'H NMR anectra were determined with TMS ac an internal standard in
r15-20 £ inirarea spectrometer. 1 NMIR spectra were aetermined with 1MS as an internai stanaara in

CDCl; (unless otherwise specified) at 200 MHz on a Varian XL-200 spectrometer, at 300 MHz on a Bruker
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AIVI-3UU speCtrometer or at 600 MHz on a AMX-600 spectrometer Jvalues are glVCﬂ in Hz. Mass spectra
were obtained on a Finnigan 4021 or HP5989A spectrometers using the electron impact technique. HRMS
were recorded with Finnigan MAT 8430 spectrometer. UV spectra was recorded on HP 8451 Diode array
spectrophotometer. All reactions were monitored by thin-layer chromatography (TLC) and TLC-spots were
visualized with an UV lamp, or after spraying with a 5% ethanolic phosphomolybdic acid solution followed by
heating until the spots become clearly visible. Flash column chromatography was conducted on silica gel H
(10-40 p) from Qingdao Haiyang Chemical Works, with petroleum ether (60~90 °C), EtOAc as eluant in the
ratios specified and all solvents used as eluant were purified by distillation. Dry ether, THF were distilled over
sodium-benzophenone ketyl under N; atmosphere. Dry DMF were distilled under reduced pressure over
CaH

, and stored over 4A molecular sieve. -Pro-NH was refluxed over N
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3-(8-tert-Butyldimethylsiloxyoctyl)-endo-3,4-epoxytricyclo[5.2.1.0>%]dec-8-en-5-o0l 11 and endo-
4,5-epoxytricyclo[5.2.1.0>]dec-8-en-3 -l 12

A Grignard solution of 8-tert-butyldimethylsiloxyoctylmagnesium bromide was prepared from 8-tert-
butyldimethylsiloxyoctyl bromide (1.78 g, 5.5 mmol) and activiated magnesium (500 mg, 20.6 mmol) in THF
(20 ml) at 40~50°C for 2h. To the Grignard reagent was added dropwise epoxy ketone 9 (488 mg, 3 mmol) in

THF (5 mi) at 30~35°C over 15 min. After the reaction was stirred at 40°C for a further 3 hr, it was quenched

with saturated NH,Cl (20 ml). The resulting mixture was extracted with EtOAc (3X 40 mi) and the combined
axvtracte weoare wachad with annaniie NH .01 < MmN hrina fM2Y 10 onl} and Ariad Avar Na . CMN Ramnval nf tha
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solvent followed by flash chromatography (petroleum ether / EtOAc, 90/10 to 80/20) afforded epoxy alcohol
11 (298 mg, 24%) and 12 (199 mg, 40%) as a colorless oil and a white solid, respectively.

For 11: IR 3400(br s, OH), 2900(s), 2850(m), 1460(m), 1095(s) and 840(s)cm™’; "HNMR: & 6.18(dd,
1H, H-8 or H-9, /5.4 and 2.8 Hz), 5.87(dd, 1H, H-9 or H-8, ~5.4 and 3.0 Hz), 3.77(d, 1H, H-5, /2.5 Hz),
3.60(t, 2H, CH;OR, 6.8 Hz), 3.01(s, 1H, H-4), 3.00~2. 73(m 4H), 1.68~1. 20(m 16H), 1.70(br, 1H, OH),
0.90(s, 9H, B‘l:) and 0.05(s, 6H, Me,Si); MS(nv/z): 406(M’, 1.14%), 349(M'-Bu', 33.73), 325(M"-CsHs-Me,

O/
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400(s, OH), 2950(s), 2850(m), 1080(m); 'HNMR: & 6.23~5.93(m, 2H, H-8 and H-9), 4.22(m, 1H, H-3

3 8562 )}
34 1), 1 8 6.23 ), 1-3
3.22(m, 2H, H-4 and H-5), 2.92(m, 4H), 1.54(s, 1H, OH) and 1.61~1.42(m, 2H); MS(m/z): 165(M"+
3‘63%), 164(M’, 10.96), 147(M"-H,0+1, 10.66) and 99(M -CsHg+1, 27.79).

Reduction of the epoxy ketone 9 to the epoxy alcohol 12

To a stirring suspension of NaBH,(40 mg, 1.06 mmol) in THF(5 ml) was added epoxy ketone 9 (100

mg, 0.62 mmol) in THF(5 ml) at 0°C. After stirred at this temp. for 80 min., the reaction was quenched with
saturated NH.Cl (20 mD and extracted with FtOAc(IX 20 mD) The nnmh-naﬂ evtracte were wached ut}fh

SULLI ALV LN (&Y L) QM VAUIGUILVU Wil DIV O A &V T ). LIV VUSIVHEIVU VAU AGVLD WAIL vwaouvu vy

brine (3X 10 ml), dried over Na,SO, and concentrated in vacuo. The residue was subjected to flash
chromatography (petroleum ether / EtOAc, 80/20), affording 12 (97 mg, 96%) as a white solid.



Addition of the lithium reagent to the epoxy ketone 9 to give epoxy alcohol 11

A solution of 8-tert-butyldimethylsiloxyoctyl lithium was prepared from 8-tert-butyldimethylsiloxyoctyl
bromide (18.9 g, 57.6 mmol) and lithium (1.58 g, 230 mmol) in dry Et,O (120 ml) at -5~0°C for 3 h. To a
solution of epoxy ketone 9 (5.85g, 36.1 mmol) in dry ether (45 ml) was added dropwise a solution of the
above lithium reagent (0.39 M, 110 mi, 43 mmol) over 50 min. at -10°C. The reaction mixture was stirred at -
10~0°C for 2.5 h and then at room temp. overnight (i5 h). The resulting yeliow solution was then quenched
by aqueous NH4Cl (50 ml) and extracted with EtOAc(4X 40 ml). The combined extracts were washed with
aqueous NH,CI (3X 20 ml) and brine (3X 20 ml\ dried over Na,SQ; and concentrated in vacuo. The residue

o et VA Rt R R S AU &Y LI AT e &Y e Y NG22G e UL KRR aLie

was subjected to flash chromatography ( petroleum ether / EtOAc, 90/10 to 70/30) to afford epoxy alcohol 11
(13.0 g, 89%) as a colourless oil.

Acetylation of the epoxy alcohol 11

A mixture of epoxy aicohoi 11 (JU mg, 0.12 mmol), acetic anhydride (1.5 mi) and Pyridine (1 mi) was
PP N URE. S RPURE L3 R Sl TSN A A LAY eI ol ab e oo b o] s tale oo d £V 8V 10
SLHTEU al 100N Lernp ovel llglll, anu Cﬂ with CiIUAC {4V IMi) anda tnen wasicd witil datuldivd Luovg \(vAnA 1V
ml), brine (3“ 10 ml) and dried over NaZSO Removal of the solvent followed by flash chromatography
(petroleum ether / EtOAc, 95/5) gave 15 (52 mg, 93%) as an oil. IR 2980(s), 2850(s), 1735(m), 1095(m) and

850(m); lHNMIR. 6 6.10(m, 1H), 5.89(m, 1H), 4.42(d, IH, H 5, /2.6 Hz), 3.61(t, 2H, CH,OR, /~6.8 Hz),
3.02(s, 1H, H-4), 2.95~2.73(m, 4H), 2.00(s, 3H, COCHs), 1.64~1.22(m, 17H), 0.89(s, 9H, Bu'") and 0.05(s,
6H, Me,Si); MS(m/z): 448(M", 11.56%), 391(M'-Bu', 29.87), 382(M"-CsHs, 62.41), 325(M"-CsHe-Bu', base
peak).

.....
-
N

&
1 1mol ry u"( ml) was added LiAIH, (5.05
g 149 mmol) at O°C and the suspension was stlrred at 5~0°C for 5 hr. The reaction mixture was then treated
dropwise successively at 0°C with water (5 ml), aqueous 15% NaOH (5 ml) and water (15 ml). The resulting
mixture was filtred and the granular precipitate was thoroughly washed with EtOAc. The filtrate was
concentrated in vacuo and the residue was subjected to flash chromatography (petroleum ether / EtOAc,
70/30), affording 11 (650 mg) and diol 16 (5.35 g, 91%). m.p. 80.0~81.0°C(hexane); IR 3400~3270(br s,
OH) 2950(s), 2850(m) 1460(m), 1240(m), 1120(m), 1090(m) 835(m), and 745(m); 'HNMR: 8 6.34(dd, 1H,

IY IT N 7 £Nf:e NIT
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-8 or H-9, £5.6 and 2.5 Hz), 6.11(dd, 1H, H-9 or H-8, /5.6 and 3.0 Hz), 3 73(m, 1H, H-5), 3.60(t, 2H,
CH«OP E66 Hz) 206(m 1) 28s(m 1H) 2 73m 1H) 265(m 1IN 185(dd 1H H-4 /136 and
Ny WOV ALy, L.ZNR, K1), & OV, 1L ), & /I, 1X1), & UJ\dE, 111y, 1.0\ U4, 111, 1177, ERV a2
6.2Hz), 1.72(dd, 1H, H 4'. F13. and 4 H_7), 1.67~1 62( 1, 2H) 1.56~1.30(m, 16H, mcludmg two OH at

351(M™-Bu', 19.74), 333(M' -HzO Bu, base peak), 325(M'-CsHe-H,0+1, 21.68), 307(M -CsHe-2H0+1,
6.73) and 165(M"-(CH,)sOTBDMS, 61.63); Found: C, 70.41; H, 10.75; Calcd. For Cp4H,40:Si: C, 70.53; H,
10.85%.

-(8-Hydroxyoctyl)-tricyclo[5.2.1.0*°]dec-8-ene-3,5 diol 17
To a solution of diol 16 (ﬁﬂ mo 0.15 mmnl\ in THF (§ ml\ was added Bu;NF ( 075 m!l 1M in THF, 0.75
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mmol). After the reaction was stirred at 30°(‘ for 6h, it was dxluted with H,0 ( Sml) and extracted with EtOAc
(3X 20 ml). The combined organic extracts were washed with brine (3X 10 ml), dried over anhydrous Na;SO4
and concentrated in vacuo. The crude product was purified through flash chromatography (petroleum ether /
EtOACc,50/50) to give triol 17 (40 mg, 90%) as a white solid. m.p. 116.5~117.0°C(EtOH); IR 3400~3100(br
s, OH), 2900(s), 2850(m), 1460(m), and 1095(s); 'HNMR: & 6.32(m, 1H), 6.15(m, 1H), 3.75(m, 1H, H-5),

3.62(t, 2H, CH,OH, /6.5 Hz), 2.92(m, iH), 2.89(m, 1H), 2.65~2.82(m, 2H), 1.80(m, 2H) and 1.57~1.27(m,

19H, including three OH); MS(m/z): 276(M"-H,0, 6.45), 259(M"-2H,0+1, 11.22), 211(M"-CsHs-H,0+1,
1.55), 193(M'-CsHe-2H,0+1, 3.30), 165(M'-(CH)sOH, 56.35), 147(M'-(CH)sOH-H,0, 240) and

A T

66(CsHs ", base peak); Found: C, 73.25; H, 10.32; Calcd. For C_gHmO;,. C,73.43; H, 10.27%.

3-(8-tert-Butyldimethylsiloxyoctyl)-3-hydroxy-tricyclo[ 5.2.1.0%]dec-8-en-5-one 18



To a solution of diol 16 (4.0 g, 9.8 mmol) in dry THF (180 ml) was added 4A molecular sieves (1.0 g)
with stirring. PDC (7.8 g, 20.7 mmol, 2.1equiv) was added 10 mins later and the contents were stirred at room
temp (27°C) for 2.5h. The resulting mixture was poured into petroleum ether (400 ml) and filtred. The filtrate
was concentrated in vacuo and the residue was subjected to flash chromatography (petroleum ether / EtOAc,
90/10 to 80/20) affording 18 (3.59 g, 90%) as a white solid. m.p. 69.5~70.5°C(EtOH); IR 3450(br s, OH),
2500(s), 2850(s), 1715(s, C=0), 1460(m), and 1090(s); 'HNMR: & 6.38(m, 1H), 6.06(m, 1H), 3.61(t, 2H,
CH,OR, /6.8 Hz), 3.24(m, 1H), 3.16(m, 1H), 2.99(m, 1H), 2.25(s, 2H, H-4), 1.62~1.20(m, 16H), 1.52(s,
IH, OH), 0.89(s, 9H, Bu\ and 0.05(s, 6H Me,Si); MS(m/z): '{40(M -Rn 40.81), 323(M"-CsHg-H,0+1,

S V. O S JL1E, AOR2 aiitl L1 .ol S£LI4VE TRsilsmii2

5.06), 283(M'-Bu'-CsHs, base peak) and 265(M'-Bu'-CsH,-H;0, 18.48); Found: C, 70.96; H, 10.32; Calcd.
For C]ngong C, 7088, H, 10.41%.

4 E-3-(8-tert-Butyldimethylsiloxyoctyl)-3-hydroxy-4-(pent-2-ynylidene)tricyclo[ 5.2.1.0>]dec-8-en-
5-one 19

A onhs Edem: THE £10 0l snd T D NTLT £20D tria D Q0 caal) varna v n lad s~ AN O shan tenntad b

A solution of di Iy 1nr {1V i) and /~riiNm (JUZ inig, 2.6 itiij Was CoO0Iea 10 -4U L, tnén tréatea witn a
solution of Bul.i (1.20 ml 2.50M in ~hexane. 3.00mmol) and the stirrine was continued at this temn. For 1h.
solution of Bul1 (1.20 mi 2.50M ir 1€, Ummol) and the stirring was continued al 1. For I

The resulting LDA-solution was cooled to -78 °C and B-hydroxy ketone 18 (485 mg, 1.19 mmol) in dry THF
(4 ml) was added dropwise over 25 min. After the solution was stirred at this temp. for a further 15 min,
newly distilled 2-pentynal (0.22 ml, 193 mg, 235 mmol) in THF (1 ml) was added. After the reaction was
stirred at -78°C for 5 min, it was allowed to warm to -10°C and stirred at -10~0°C for 4h and then at room
temp. for 2h. The resulting mixture was quenched with saturated aqueous NH,C1 (6 ml) at 0°C and extracted
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with EtOAc (3X 20 mi). The combined organic extracts were washed with aqueous NH,Cl (3X 8 mi), brine
a 7
(23

i 10 m) and AdAried nver ar\l\‘n‘rnl 1ie Na.QN. DRamnuval Af tha cnlvant fallavrad hy flach chramatnaranhy
\~“4x 1V 11y FINE WU IV UVAE il J 1TUuD J‘alu\.l4 INUAINIUYVAL ULl LIV DU VLLIL TULIUVVWOUDAGY UJ Hadsil il Ulllalubl al.lll
(petroleum ether / EtOAc, 95/5 to 85/ !5) afforded, in addition to recovered 18(86 mg), dienone 19 (337 mg,

73%) as a yellow oil. IR 3500(br s, OH), 2950(s), 2850(m), 2195(w, C=C

C=C-C=0), 1460(m) and 1090(m); 'HNMR: & 6.22(t, 1H, H-19, /&2.4Hz), 6.15(m, 1H, H-8 or H-9),
£ Q7 e 1TLT I¥F O A~ LT O\ 2 &0+ NLT LT 10 I £ 0 LI\ 2 A4/ AT 2 NANS7_. 1TIIY\ N OECf .. TLIN D ATr~A "X
J.06/\ili, 11, 11-7 Of 11-6), 3. 0¥, «I1, I1-10, J=0.0 ¥1Zj, J.44{M, 4I1), J.VU\Ill, 1I1), £.00{, 111), 2.4/ {G, <11,
H-22, /7.2 and 2.4 Hz), 1.83~1.13(m, 20H, including OH at 1.67), ﬂﬂéfe 9H, Bu') a nd 00<( 6” Mezsi);

aa / u AL
MS(m/z): 470(M, 4.45%), 453(M'-H,0+1, 2.31), 405(M -
347(M"-Bu'-CsHs, base peak) and 161(M’- CsHs-(CH,)s0R,
C29H4603SI. 470.3216.

3-(8-tert-Butyidimethylsiloxyoctyl)-3-hydroxy-2-(pent-2-ynylidene)cyciopent-4-en-1-one 20
Into the tube of a thermdysis apparatus was placed dienone 19 (219 mg) and the apparatus was evacuated and
ﬁ‘lpf‘ \lllth N f"Iﬂ NrocolIirs ww/ag fhﬂﬂ ﬂ(“llﬂfﬂ(‘ tn (( mm”n Thﬂ I‘I\I\IDA 'F"lﬂnﬂ" w/ag l"l'\‘!‘ tn _’7Q°r‘ ‘ll‘fh "ﬂl 1ne_
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acetone. The tube was then put into the heating bath (255°C, previously set) and heated for 4 min. The

thermolysis product on the cold finger was collected w1th EtOAc, concentrated in vacuo. The residual yellow
oil was subjected to flash chromatography (petroleum ether / EtOAc, 90/10 to 80/20), affording substrate 19

(24 mg) and dienone 20 (72 mg, 43%). IR 3400 (br s, OH), 2950(s), 2850(s), 2200(w, C=C ), 1700(s,
C=O) |6'§0(c F—F-F—ﬂ\ and ll]()(m\ lHN]\/IR & 7?'%({1 ]H H- 10 F60 H7\ 64](7 1H H- ]4’ F24

Hz), 6.33(d, 1H, H-11, /6.0 Hz), 3.54(t, 2H, H-1, /6.7 Hz), 2.55(brd, 1H, OH), 2.45(qd, 2H, H-17, /7.2
and 2.4 Hz), 1.98(m, 2H), 1.64~0.96(m, 15H), 0.85(s, 9H, Bu') and 0.05(s, 6H, Me,Si); MS(m/z): 405(M +1,
14.12), 387(M"-H,0+1, 16.70), 348(M'-Bu'+1, base peak) and 161(M'-(CH,)sOTBDMS, 19.84).

3-(8-Hydroxyoctyi)-3-hydroxy-2-(pent-2-ynyiidene) cyciopent-4-en-i-one 21

To TBDMS-ether 20 (35 mg) was added dropwise a 3:1:1 mixture of HOAc-H,O-THF (3 ml) and the
reaction was stirred at 0°C for 1.5h. The resulting mixture was diluted with EtOAc (20 ml) and water (5 ml)
and neutralized with saturated NaHCO; solution (20 ml), then extracted with EtOAc (3X 30 ml). The
combined organic extracts was washed with brine (3X 10 ml), dried over Na,SO, and concentrated in vacuo.
The residue was subjected to flash chromatography (petroleum ether / EtOAc, 70/30) affording diol 21 (4.9

mg, 19.5%) as a yellowish oil. IR 3400(br s, OH), 2920(s), 2850(s), 2195(m, C=C ), 1700(s, C=0), 1630(s,



C=C-C=0) and 1050(m); 'HNMR: § 7.31(d, 1H, H-10, /6.0 Hz), 6.42(t, 1H, H-14, /2.4 Hz), 6.31(d, 1H,
H-11, &6.0 Hz), 3.57(t, 2H, H-1, ~7.0 Hz), 2.47(qd, 2H, H-17, ~7.1 and 2.4 Hz), 2.15(brd, 1H, OH),
1.96(m, 2H) and 1.70~0.93(m, 15H); MS(m/z): 290(M", 5.12%), 272(M -H0, 34.96), 254(M"-2H,0, 17.42)
and 161[M"-(CH_)sOH, base peak].

45—3-( uy’un uX‘yGCtyu—J—u'ydl'GX'y—-l-\peiil.-.a yuyuueﬁt’fj-uiuyuuis 2.1 02’ ]dec-g-ei‘l-J -one 22

A 6:3:1 mixture of HOAc-H,O-THF (6 ml) was added dropwise to TBDMS-ether 19 (160 mg) at 0°C
and the reaction was then stirred at room temp. for 3h. The resulting mixture was diluted with Et;0 (80 ml),
water (10 ml) and neutralized with saturated NaHCOs; solution (58 ml), then extracted with EtOAc (3X 30
ml). The combined organic extracts was washed with brine (4X 15 ml), dried over anhydrous Na,SO, and
concentrated in vacuo. The residual yellow oil was subjected to flash chromatography (petroleum ether /
EtOAc, 80/20) to give alcohol 22 (119 mg, 98%) as a yellow oil. IR 3450(br s, OH), 2900(s), 2850(s),

2200(m, C=C ), 1700(s, C=0), 1610(s, C=C-C=0) 1460(m) and 1200(m); 'HNMR: & 6.24(t, 1H, H-19,

2.4 Hz), 6.17(m, 1H, H-8 or H-9), 5.88(m, 1H, H-9 or H-8), 3.61(t, 2H, H-18, /6.8 Hz), 3.23(m, 2H),
3.02(m, 1H), 2.83(m, 1H), 2.46(qd, 2H, H-22, /7.2 and 2.4 Hz), 1.78(m, 2H), 1.70~1.12(m, 17H, including
two OH); MS(m/z): 291(M'-CsHg+1, 30.28), 272(M’-CsHs-H,0, base peak), 254(M’-CsHy-2H,0, 3.46) and
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4 E-3-(7-Methoxycarbonylheptyl)-3-hydroxy-4-(pent-2-ynylidene)-tricyclo[5.2.1.0%%]dec-8-en-5-
one 23

To a solution of alcohol 22 (107 mg, 0.30 mmol) in dry DMF (10 ml) was added 4A molecular sieves
(90 mg) with stirring. PDC (500 mg, 1.33 mmol, 4 equiv) was then added and the mixture was stirred at
room temp for Sh. Water (20 ml) and Et,O (70 ml) were then added to the stirring mixture, the organic layer
was separated and the aqueous layer was extracted with Et20 (SX 30 ml). The combined organic extracts was

wached with hrina (4Y 10 mY AdAeriad rar anbhude~io N Dammual AF tha cnliyamt fallauvad hy flach
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LV
chromatography (petroleum ether / EtOQAc / MeQH, 50/50/2) provided a yellow oil (57 mg) The oil was

dissolved in EtZO (1.5 ml) and treated with an excess of CH,N,-ether Solutlon at 0°C. The excess of CHoN;

was removed under reduced pressure. The residue was subjected to flash chromatography (petroleum ether /
EtOAc, 75/25) to yield ester 23 (58 mg, 52%) as a yellow oil. IR 3450(s, OH), 2900(s), 2850(s),

2200(w, C=C ), 1740(s, CO,R), 1700(s, C=0), 1610(s, C=C-C=0) 1460(m) and 1200(m); 'HNMR: &

6.15(t, 1H, H-19, /2.4 Hz), 6.08(m, 1H, H-8 or H-9), 5.80(m, 1H, H-9 or H-8), 3.59(s, 3H, OMe), 3.15(m,
2H), 2.93(m, 1H), 2.75(m, 1H), 2.37(qd, 2H, H-22, /7.0 and 2.4 Hz), 2.22(t, 2H, H-2, /7.2 Hz),
1.78~1.18(m, 14H), 1.16(s, 1H, OH) and 1.08(t, 3H, H-23, /~7.0Hz); MS(m/z): 384(M", 5.08%), 318(M -
CsHs, 9.22), 287(M'-CsHs-OCH;, 7.51), 286(M’'-CsHs-CH;OH) and 161[M'- CsHs-(CH,),CO,CHs, base

peak], HRMS Found: 384.2252 Caicd. for CpqHa,04: 384.2298.

3-(7-Methoxycarbonylheptyl)-3-hydroxy-2-(pent-2-ynylidene)-cyclopent-4-en-1-one,(15-Dehydro
chromomoric acid methyl ester) 24
Into the tube of a thermolysis apparatus was placed substrate 23 (44 mg) and the apparatus was evacuated and
filled with N, the pressure was then adjusted to 70 mmHg. The cooled finger was cooled to -78°C with dry
ice-acetone. The tube was then put into the heating bath (240°C, previously set) and heat for 5 min. The
t'hermoiysis product on the cold finger was collected with EtOAc, concentrated in vacuo. The residual yellow
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and dienone 24 (21 mg, 64%). IR 3400 (s, OH), 2900(s), 2850(s), 2200(m, C=C ), 1740(s, CO;R), 1700(s,
C=0) and 1630(s, C=C-C=0); 'HNMR: 8 7.31(d, 1H, H-10, /6.0 Hz), 6.39(t, 1H, H-14, /2.2 Hz), 6.32(d,

1H, H-11, J=60Hz) 3.59(s, 3H, OMe), 242(qd 2H, H-17, J:70and22Hz),223(t 2H, H-2, ~7.0 Hz)
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3-(7-Methoxylcarbonylheptyl)-3-hydroxy-2-(2-pent-2-enylidene)-cyclopent-4-en-1-one,
(Chromomoric Acid methyl ester) 1

To a solution of compound 24 (5.0 mg) in dry toluene (1.0 mL) placed in a 5-mL flask was added 5%wt
Lindlar Pd-CaCOj; catalyst (2.0 mg). The System was alternately evacuated and filled with H,, the operation
was repeated for three times. The content was then stirred in an atmosp'nere of H, for 9 min. After removal of

Ahiana 1m vas tha cacid. o oiihiaasad | Y ey N (v P rrs N tMA~ QLI ¢4 ON/Q
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to 90/10), affording 24 (1 mg) and C.A .D.-I methyl ester (1) (3.0 mg, 75%) as a yellow oil. IR 3400 (br, OH),
3040(m, olefinic C-H), 1740(s, CO;R), 1700(s) and 1635(s, C=C-C=0); '"HNMR: § 600 MHz, in CDCl;,
7.31(dd, 1H, H-10, 6.0 and 0.8 Hz), 7.29(dm, 1H, H-14, ~12.4Hz), 6.65(ddt, 1H, H-15, ~12.4, 10.8 and
1.5 Hz), 6.36(d, 1H, H-11, /6.0 Hz), 6.08(dtd, 1H, H-16, /~10.8, 7.7 and 1.0 Hz), 3.66(s, 3H, CH;0),
2.39(m, 2H, H-17), 2.28(t, 2H, H-2, ~7.6 Hz) 1.98(m, 2H), 1.59(t, 2H, ~7.0 Hz), 1.23~1.32(m, 9H) and

1.06(t, 3H, f—‘7 6 Hz);, 600 MHz, in CD3COCD3, 7 44(dd 1H, H-10, ~6.0 and 0.8 Hz), 7.14(ddd, 1H, H-14,
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25%) 302(M -H,0, 197) 291(M™-Et, 6.41), 289(M" CH;O 748) 289(M CH3OH 5 8) 273(M -H,0-
Et, 4.13), 259(M’-Et-CH;0H, 4.05), 163[M -(CH,);CO, CHj, base peak] and 55(CsH;", 60.75), HRMS
Found: 320.2008 Calcd. for C1oHz04: 320.1987; UV Ajma(EtOH) 236 nm, €1max 1.83x10%; Azmax(EtOH) 302
nm, €zmax 1.20x10%.
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