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Abstract: Marine eicosanoid bacillariolide IT was synthesized from (R)-malic acid, involving the

diastereoselective one-pot formation of chiral cyclopentane derivative 12 from the anion of allyl phenyl
sulfone and chiral epoxymesylate 11 as the key step. © 1998 Elsevier Science Ltd. All rights reserved.

Marine eicosanoids are of interest owing to their unique structures, peculiar biosynthetic pathways and
various biological activities.!  Bacillariolides I, II (1) and III, isolated from the marine diatom, Pseudo-
nitzschia mulltiseries,” a causative organism of so-called ammesic shellfish poisoning (ASP),3¢ are
cyclopentane-containing structurally unique eicosanoids.3  Bacillariolide I is known to possess significant
inhibitory activity against phospholipase A,,% while the biological activity of either bacillariolides II or III has

get to be reported.  The relative configurations of bacillariolides I-111 were determined based on spectroscopic

analysis¥¢ and the absolute configuration of bacillariolide I was determined by X-ray crystallography of the
camphor derivative.® The absolute configurations of bacillariolides II and III were surmised based on an
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parent biosyninetic relationship of bacillariolides 1l and Il with bacillariolide 1
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and chiral epoxide was reporied and the siereocontrolied synthesis of cylopropane-containinig marine
eicosanoid constanolactone E was carried out by this reaction.>  To explore potential applications of the

0040-4039/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(97)10660-8



622

nthacsian Taeialid

The synthetic strategy for bacillariolide II (1) involves the one-pot cyclopentane formation, which is as
follows: 1) an anion of allyl phenyl sulfone is reacted with chiral epoxide a to give epoxysulfone b, 2)
deprotonation of b in situ generates an anion of epoxysulfone ¢ and 3) intramolecular cyclization gives chiral
cyclopentane derivative d having the requisite chiral centers at C-6 and C-7,7 and coupling reaction of aldehyde
e obtained from d, with Wittig reagent f corresponding to C-9~20 segment (Figure 1).
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Phosphonium sait 5 corresponding to the C-9~20 segment was prepared from 2,5-octadiyn-1-ol (2)
(Scheme 1).  2,5-Octadiyn-1-ol (2)3 was converted to 1-bromo-2,5-octadiyne by treatment with carbon
tetrabromide and triphenylphosphine.  The treatment of 1-bromo-2,5-octadiyne with 3-butyn-1-ol, in the
presence of Cul, K,COj3 and Nal in DMF? gave 3,6,9-dodecatriyn-1-o0l (3).  The stereoselective partial
reduction of the obtained triynol 3 was efficiently carried out to give (Z,Z,Z)-trienol 4. (Z,Z,Z)-Trienol 4 was
converted to phosphonium salt 5 in three steps: 1) tosylation of hydroxyl group, 2) treatment with Nal in
acetone and 3) treatment with triphenylphosphine in benzene.

Scheme 1
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Keagenis and condifions : A. i) CBry, PhsP, CH,CiCH,Cli

<

r.t., 80% (2 steps); B. Hy, Pd-BaSQy, quinoline, MeOH, r.t., 75%; C.i) TsCl, Py, CHCl5, r.t., quant., ii) Nal,
acetone, r.t., 71%, iii) Ph,P, benzene, reflux, 75%

Stereoselective synthesis of bacillariolide II involving formation of the chiral cyclopentane derivative
was carried out as shown in Scheme 2. The primary hydroxyl group of methyl (R)-3,4-dihydroxybutanoate
trityl) ether to give 7. 1T Trityl ether 7
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ester v'vi‘h L1A1H4, 3) protection of the hydroxyl group as TBS ether, "'1d 4) deprotection of trityl ether. The
hydroxyl group of 8 was oxidized by Swern procedure followed by Homer-Emmons reaction io give a.,f3-
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protection of hydroxyl group as MPM ether 10. Compound 10 was converted to epoxymesylate 11 via
deprotection of TBS ether and mesylation. Reaction of the lithio derivative of allyl phenyl sulfone (2.4 equiv.)
with epoxymesylate 11 (1.0 equiv.) in THF at -78°C to room temperature over 12 h, gave cyclopentane
1213.14 35 the sole product in 99% yield. The terminal olefin in 12 was oxidized by OsO4-NalOy4 to give
hemiacetal, which was then oxidized with Jonens reagent, and the phenylsulfonyl group was removed by
treatment with Na-Hg to give lactone 13 bearing the requisite chiral centers at C-2, C-5, C-6 and C-7
corresponding to the C-1~8 segment. Deprotection of MPM ether in 13 afforded an alcohol, which was

oxidized by the Swern procedure to glve the aldehyde 14. Coupling reaction of the aldehyde 14 with Wittig
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8Z.,11Z,1 ‘Z,i"”) -tetraene as the sole proaua Fma ly, deprotection of MOM ether compieted the synthesis
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The spectral data of 1 and natural baciliariolide i,
[a]p?3 -59.2° (c 0.33, Me:OH),F'a as well as thc sign of optical rotation were identical. This paper presents the

first total synthesis of bacillariolide II and the absolute configuration of bacillariolide II was confirmed as 1.

Scheme 2
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Reagents and conditions : A. TrCl, EtsN, DMAP, DMF, 65°C, 87%; B. i) MOMCI, 'Pr,NEt, CHCls, 40°C, ii)

LiAiH,, Et,0, 0°C, iii) TBSCI, imidazole, DMF, r.t., iv) Na, liq. NH3-THF, -34°C, 94% (4 steps); C. i) DMSO,
(COCH., BEe.N (CH.(1, _78°C i) (PrONPIONVCHALCO B TBuOK Il«"« _A')°(" 6% (2 stens) 111) DIBAI-H
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toluene, -78°C, 88%; D. i) TBHP, (-)-DET, (‘PrO)4Ti, 4AMS, CH,Cl;, -20°C, 90%, ii) MPMBr, NaH, THF-DMF,
0°C, 88%; E. i) BuyNF, THF, r.t., ii) MsCl, DMAP, CH,Cl,, 0°C~r.t., quant. (2 steps); F. allyl phenyl sulfone, BuLi,
THF, -78°C~r.t., 99%; G. i) OsQy, NalQy, dioxane-H,O, r.t., ii) Jones ox., acetone, 0°C, 82% (2 steps), iii) Na-Hg,
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Na,HPO,4, MeOH, 1.t., 85%; H. 1) CAN, CH3CN, r.t,, 88%, ii) DMSQO, (COCli),, EisN, CH,Cly, -78°C, quant; 1. 1) 5,
BuLi, THF-HMPA, -78°C, 66%, ii) AcOH-conc.HCI (50:1), 40°C, 83%.
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The present work indicates a new method for the stereocontrolled synthesis of chiral cycopentane
derivative, which should also be applicable to the synthesis of other cyclopentane-containing natural products.
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This organism was previously designated Nitzschia pungens f. multiseries, but which recently has been
changed to Pseudo-nitzschia multiseries.
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12: [0]p2? -74.4° (c 1.0, CHCly); EIMS m/z 476 (M*), 444, 431, 12i; IR (neat) 3494, 2935, 1612,
1514, 1295, 1142 cmi; TH NMR (300 MHz, CDCl3) 6 1.84 (1H, m), 1.93 (1H, m), 2.25 (1H, ddd, J =
14.1, 11.8, 6.8 Hz), 2.36 (1H, ddd, J = 14.1, 7.4, 2.2 Hz), 3.15 (1H, dd, J = 4.6, 3.6 Hz), 3.28 (3H

s), 3.60 (2H, d, J = 6.0 Hz), 3.81 (3H, s), 4.05 (1H, m), 4.47 (1H, d, / = 11.5 Hz), 4.50 (1H, d, J =
6.9 Hz), 4.56 (1H, d, J = 6.9 Hz), 4.57 (1H, d, J = 11.5 Hz), 4.59 (1H, m), 5.11 (1H, d, J=17.3

Hz), 5.37 (1H, d, J = 10.7 Hz), 6.42 (1H, dd, J = 17.3, 10.7 Hz) (%l
6.90 (2H, m), 7.31 (2H, m), 7.45 (2H, m), 7.61 (1H, m), 7.81 | P
(QH. m): 13C NMR (75 MHz. CDCL) § 300 303 485 55.1 HN
\Qll’ lll/’ N L NAIVAEN \I J l'lllld, \JU\J.J, ARV AVEAVE) ISy Uty wale Ry I o
I~ LM ~N ~I N on N ng 1 117 7 EEa YAWAY TNO N i ) {/
56.0, 69.3, 72.6, 72.9, 74.5, 82.2, 95.1, 113.6, 120.0, 128.2, H_H u\\o
129.4, 130.1, 130.7, 133.5, 134.4, 135.2, 159.0. 21
Relative configuration at C-2 position in 12 was determined by MOMO 6;/\,6"}’_ cH,
NOESY correlations between H-1 (8y; 6.42) and H-7 (8y 4.05) and ( "HH:D ——
H-6 (8y; 3.15) and phenyl protons (8y; 7.81). 12 ompm NOESY

1: [a]p?4 -58.5° (c 0.33, CH30H); EIMS m/z 316 (M*), 298; HREIMS: Calcd for CyoH,303 (M1)
316.2038: Found 316.2034; IR (CHCl3) 3528, 1763 cm!; 1H NMR (300 MHz, CD;0D) 8 0.97 (3H, t,

J = 7.5 Hz), 1.65 (1H, m), 1.82 (1H, m), 2.0-2.2 (4H, m), 2.77 (1H, ddd, J = 9.3, 6.0, 3.5 Hz), 2.83,
(MU ¢ T=S8Hz) 2¢20H t I =57 H2) 20§(2H m) 310 (1H dt. /7 =5.1. 95 Hz). 421 (1
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L, J = 3.\ rii), J.40-0.050 \UI11, 1I1), J.OVU {111, H1), J.UF {111, UL, v — 11.V, 1.7, /.U 114), U.UJ (111, UUy,
YT 11N Q7 1 £ 1T 1237 AIRATY /7 RMALT. MY ATV R 1477 D1 & A€ & M4 A VL& DM N 1460 AR N
J = 11U, 8.3, 1.0 NZj; >0 NIVIIK (/0 MINZ, CL3UL)J O 14./7, 1.0, &4J.J, &40.5, 20,3, </.U, 30.7, 43.5,
52.6, 73.4, 77.7, 127.5, 128.1, 128.4, 128.8, 129.6, 129.9, 132.9, 133.1, 183.6



