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Synthesis of ()-Nephromopsinic Acid
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Abstract

The preparation of (£)-nephromopsinic acid form 7-oxabicyclo[2.2.1Thept-5-en-2-one is reported. The synthesis
takes advantage of a previously reported radical acyl migration. A remarkable iodide mediated cleavage of the
bicyclic systems followed by the introduction of the y-chain via a mixed Kolbe electrolysis are the key features of
this approach. This strategy is expected to be of interest for the preparation of all kinds of paraconic acids with
excellent control of the stereochemistry. © 1998 Elsevier Science Ltd. All rights reserved.
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Paraconic acids are a class of trisubstituted y-butyrolactones possessing attractive biological
activities [1]. They have attracted considerable attention of organic chemists and several
different strategies for their synthesis have been used. Efficient preparation of J,y-trans-y-
butyrolactones has been developed [1-18]. However, B,y-cis disubstituted systems such as
pertusarinic, phaseolinic, allo-pertusaric and nephromopsinic acids appear to be more
difficult to prepare [1,19-26]. Interestingly, these compounds possess a very similar
substitution pattern at the ot-position (methyl or methylene) and B-position (carboxyl).
However, they differ by the carbon residue at the y- posmon Therefore, it would be highly
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later stage during the synthesis. In this communication, we describe the synthesis of
nephromopsinic acid with a late introduction of the y-chain. This approach is expected to be
general for any type of paraconic acids in both enantiomeric forms.
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Recently, we have demonstrated that the bicyclic selenoacetal 1, easily obtained via radical
addition of dimethyl phenylselenomalonate to racemic 7-oxabicyclo[2.2.1]hept-5-en-2-one,
was a highly versatile building block for the synthesis of 12-epi-prostaglandins and all-cis
thromboxanes [27-29]. The same compound was chosen as starting material for the synthesis
of nephromopsinic acid (Scheme 1). Reductive deselanylation (BuzSnH, AIBN) of 1 furnished
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the bicyclic compound 2 in 95% yield. Baeyer-Villiger oxidation with m-CPBA gave the
desired lactone 3 (50%) together with its regioisomer. The key step of the transformation is
the iodide mediated double ring opening of the lactone-ether 3 in the presence of BBrj.
Treatment of the crude product with diazomethane before flash-chromatography furnished
the butyrolactone 4! with the desired B,y-cis disubstitution? in 75% yield.
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6.5 mmol) and tetrabutylammomumlodldc (12.05 g, 32.6 mmol) in dry CH2Cl3 under N7 was cooled to -30 °C and BBr3 (3.14

mi, 32.6 mmol) was added. The reaction mixture was stirred at -30 °C during 15 min and then allowed to warm to r.t. After
addition of HpO, extraction with CH2Clj followed by drying (NapSOy4) and evaporation of the solvent afforded a residue which
was treated with diazomethane in Et20 until Ny evolution stopped. The solvent was removed and the crude product was purificd
by flash-chromatography (AcOEthexane 1:2) to give 4 (1.18 g, 75%). IH-NMR (360 MHz, CDCl3): 5.70 (ddd, Jizans = 16.8,
Jeis = 10.2, J = 18.6, CH=CH3); 5.31 (dd, J = 6.4, 0.8, | H, CHH=CH); 5.26 (dd, J = 13.1, 0.8, 1 H, CHH=CH, trans); 5.16
(m, H-C(3)), 3.82 (s, COOMe); 3.75-3.70 (m, H-C(4)); 3.71 (s COOMe); 3.58 (d, J = 7.5, H-C(5)); 2.66 (dd J=16.6, 7.3,
CH,COOMe). 13C-NMR (50.3 MHz, CDCl3): 170.20 (5), 169.74 (5), 167.17 (s), 131.36 (d), 120.57 (1), 77.64 (d). 53.26 (q),
3 7

52.13 (q); 51.20 (d), 46.29 (d), 35.74 (1). IR (fiim): 2957, 236’), 2342, 1787, 1742, 1439, 1355, 1317, 1287, 1199, 1166, 1126.

BI.MS: 243 (M- 100 211 (&0): 103 (32), 165 (36), 138 (11}, 112 (20) 81 (8). Anal. calc. for C11H 140 (242.23): C 54.54,
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The conversion of 4 to nephromopsinic acid is depicted in Scheme 3. Decarboxylation in
refluxing DMF/H,0 afforded lactone 6. The y-chain was introduced by a mixed Kolbe
electrolysis3 between the carboxylic acid 7, obtained by treatment of 6 with 1 M HCI at 100
°C, and tridecanoic acid (8 equivalents) in 40% yield.# The Kolbe electrolysis approach [30],
even if not high yielding presents some advantages over classical chemical methods since it
furnishes the desired compound in one single step and many different alkanoic acids can be
used for the coupling reaction. Moreover, the reaction conditions are very mild so that the
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3) (4RS,58R)-5-Tridecyl-4-vinyltetrahydrofuran-2-one (8). A solution of the acid 7 (24 mg, 141 pumol), tridecanoic acid (242 mg,
1.13 mmol) and Et3N (10 pl, 71 pmol) in MeOH (1.5 mi) was electrolyzed in a undivided cell with a platinum foil electrode
(current density 100 mA/cmZ) The solvent was evaporated. The residue was dissolved in AcOEt and washed with 1 M NaOH.
The oreanic laver was dried (NasSQy), evanor: ated and nurlfu:r“ by fla ash-chromas lh\arJnHV {Al QFEt/hexane 1:3) to 0|UP R(16 mg,
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40%). IH.NMR (500 MHz, CDCls): 5.76 (ddd, J = 17.0, 10.3, 8.7, CH=CH»); 5.19 (dt, J = 10.3, 1.2, | H, CHH=CH); 5.15
(dr, J=17.0, 1.2, 1 H, CHH=CH); 4.49 (ddd, J = 9.2, 6.4, 4.2, H-C(5)); 3.19-3.11 (m, H-C(4)); 2.70 (dd, J = 17.3,8.1, 1 H, H-
C(3)): 2.43 dd, J = 17.3, 5.7, 1 H, H-C(3)); 1.60-1.40 (m, 4 H, CHj tridecyl); 1.25 (s, 20 H, CHy tridecyl), 0.88 (1, J = 6.8,
CH3). 13C-NMR (125.76 MHz, CDCl3): 176.25 (s); 134.05 (d), 118.04 (1), 83.28 (d), 43.13 (d), 34.73 (), 31.91 (), 30.86(r),
29.67-29.34 (1), 25.68 (1), 22.68 (1), 14.10 (g). IR (film): 2990, 2974, 2928, 2856, 2361, 1774, 1295, 1237 902. CI-MS
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(CHy): 296 (M, 16), 295 (M, 59), 278 (19), 277 (41), 236 (28), 235 (100), 233
calc. 295.2659, found: 295.2631.
4) Unreacted acid 7 was still present but not recovered. Dimerization of 7 could be almost suppressed (<5%) by using 8 equivalents
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of tridecanoic acid. No other side-product was identified.
5) The spectral data of 9 and of (+)-nephromopsinic acid are identical with the one reported in the literature [23].
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In conclusion, our synthesis of (f)-nephromopsinic acid is expected to be general for ali
kind of B,y-cis paraconic acids. Since the epimerization of the B-position has already been
reported [1], access to the trans substituted paraconic acids should also be possible. Moreover,
the 7-oxabicyclo[2.2.1]hept-5-en-2-one is easily prepared in both enantiomeric forms;
therefore access to optically active paraconic acids is possible. Preparation of other paraconic
acids using the same strategy is under investigation in our laboratory.
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