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This study reports a new approach for the synthesis of 5-[2-(2-carboxyethyl)-3-[6-(4-methoxyphenyl)-(5E)hexen-1-yloxy]phenoxy]pentanoic acid V (ONO-LB-457), previously described by Konno and col. and which is considered a highly potent and orally active LTB4 receptor antagonist. This compound acts as an inhibitor of aggregation and chemotaxis, in addition to LTB4-induced human neutrophil degranulation. In this work, the preparation of ONO-LB-457 was proposed through a convergent synthesis focused on the preparation of two fragments. First, the preparation of 5-hydroxychroman-2-one (4) from 2,6-dimethoxybenzaldehyde and malonic acid, involving a Knoevenagel reaction, followed by a reduction of the olefin and intramolecular cyclization catalyzed by Lewis acid (tribromide) was achieved with an overall yield of 57%. Second, preparation of (E)-6-(4-methoxyphenyl)hex-5-en-1yl-methanesulfonate (18) from 5-bromovaleric acid (15) involving a Wittig reaction. The desired compound V (ONO-LB-457) was obtained by nucleophilic substitution of (E)-6-(4-methoxyphenyl)hex-5-en-1-yl-methanesulfonate (18) with the ring-opened phenolic diester 14 followed by hydrolysis, in seven steps with an overall yield of about 11%.

Introduction

Inflammation is a defense reaction of living beings to injury or excessive or abnormal cell stimulation. It can result from trauma, burns, radiation or penetration of external pathogens (viruses, bacteria, parasites, antigens) or self-antigens (molecules inducing autoimmune antibodies). [1][2][3][4][5][6] In the latter case, the organism is attacked by its own immune system. An inflammatory immune response involves cells participating in the immune response (reactive T lymphocytes, helper, suppressor and T4, T8 cells) but also the production of cellular mediators (cytokines) that cannot be eliminated or inhibited sufficiently quickly. [7][8][9] These cytokines, by following the steps of acute or chronic inflammation, can lead to the synthesis of inhibitors or activators that have a feedback effect on the inflammatory process. In 1980, the team of Samuelsson described a group of mediators of inflammation called leukotrienes (LT). [10][11][12] Recently, research was conducted on one of these inflammation mediators, namely, the leukotriene LTB4, which is a potent activator and chemotactic for leukocytes. It is involved in many allergic and inflammatory diseases, such as allergic pulmonary inflammation, mycobacterial infections and tuberculosis susceptibility. [13] This powerful pro-inflammatory lipid derived from arachidonic acid via the action 5-lipoxygenase and an activator of leukocytes, particularly granulocytes and T cells, is mediated by two G-coupled protein receptors, BLT1 and BLT2, high-and low-affinity receptors, respectively (Figure 1). [14] Previous works describe the role of LTB4 in the development of airway hyper-responsiveness, severe asthma and exacerbation of asthma. [15][16][17][18] Figure 1. Biosynthetic pathway of leukotrienes (LTs). PLA2: phospholipase A2; FLAP: five-lipoxygenase activating protein; 5-LO: 5-lipoxygenase; GSH: glutathione Several studies have demonstrated that leukotrienes (LT), either cysteinyl LT (CysLT) or LTB4, are important lipid mediators in the pathophysiology of asthma phenotypes. They identified at least two receptor subtypes for CysLTs-CysLT1 and CysLT2. Several antagonists of LTB4 receptors, with various biological activities, have been reported in the literature. [19][20][21][22][23][24][25][26] Among these compounds was SC-41930 an LTB4 antagonist with multiple biological activities (IC50 = 300 nM). Goodnow et al. (see Figure 2) cited other compounds such as BIIL-284, which inhibit the action of LTB4 on BLT1 and / or BLT2. [19] All these compounds have entered clinical trials for various indications, such as inflammatory diseases and cancers. According to a structure-activity study carried out using the conformers of leukotriene B4, joining the carbon atoms C7 and C9 of the conformer (A) into an aromatic ring system led to the discovery of benzene analog I (IC50 = >1.0 µM) (Figure 3). [27] The compound I showed a high affinity for rat neutrophil LTB4 receptors, but a low affinity for human neutrophils. Further investigations showed that replacing the aliphatic unit of C-4 to C-9 by an aromatic ring (conformer B) leads to the compound II, which is a potent antagonist of human neutrophil LTB4 receptors (IC50 = 0.18 µM). Structural analogues of leukotriene B4 have very interesting pharmacological properties, and are the target of a series of synthetic approaches. The introduction of a side chain carrying an amide function on the aromatic ring of compound (II) in the meta position relative to the propionic acid chain and replacing the allyl alcohol group by paramethoxystyrene provides compound (III) which is a potent LTB4 receptor antagonist (IC50 = 0.09 µM). The grafting of the side chain in the ortho propionic part, rather than meta, yields the derivative ortho IV (ONO-LB-448), whose activity is six times greater than that of III. Unfortunately, in vivo, and administered orally, compound III has an extremely short duration of action, whereas the carboxylic acid V (ONO-LB-457) has an activity comparable to that of compound IV (ONO-LB-448), with sustainable action in vivo, and it is the most promising compound of the entire series (Figure 4). In this report, we describe the synthesis of analogue V (ONO-LB-457) that has a strong affinity to the LTB4 receptor. This compound can be considered a lead as an antagonist of the LTB4 receptor. New structural modifications should allow optimizing its antiinflammatory capacity.

Results and Discussion

The synthesis of ONO-LB-457 in eight steps from 1,3-cyclohexanedione and ethyl acrylate was described, though without analytical details, in the patent by Konno This intermediate 6 undergoes a second substitution, this time, with the ethyl 5-bromovalerate motif, giving ONO-LB-457, as described in the patent after a last saponification step (Scheme 1).

Another strategy for the synthesis of 5hydroxychroman-2-one (4) from 1,3cyclohexanodione (1) and ethyl acrylate, in three steps with an overall yield of 41%, was reported in 2013 by Sharma's team [28] (Scheme 2). The first stage of this synthesis requires the condensation of the aldehyde 11 with the malonic acid by applying the Doebner-modified methodology of the Knoevenagel reaction. [29][30][31][32] This reaction was conducted in pyridine in presence of catalytic amount of piperidine (Scheme 4).

Scheme 4. Preparation of 10

The 2,6-methoxycinnamic acid (10), was recently described in a study carried out by a Chinese team on a traditional herbal of local origin. [33] Catalytic hydrogenation of the double bond of acid 10 was carried out in the presence of palladium, in acetic acid. The 3-(1,3-dimethoxybenzen-2yl)propanoic acid (12) was thus isolated in 82% yield. This reaction was followed by cleavage of the methoxy groups by the action of boron tribromide, leading to an intramolecular cyclization reaction to form the desired 5-hydroxychroman-2-one 4 with 76% yield (Scheme 5). The overall yield for the preparation of 4 from aldehyde 11 was 57%, much higher than the described methods of which we are aware.

Scheme 5. Preparation of 5-hydroxychroman-2-one 4

We subsequently followed the best conditions for the preparation of ethyl 5-((2-oxochroman-5yl)oxy)pentanoate (13). A few preliminary tests of the nucleophilic substitution reaction of ethyl 5bromovalerate with the 5-hydroxychroman-2-one 4 were carried out in the presence of potassium carbonate in refluxing acetone. This proved unsuccessful, with yields below 20%. The nucleophilic substitution reaction was accomplished, however, preparing the phenoxide with sodium hydride (NaH) in N,Ndimethylformamide with 55% of yield of the purified product. With both pathways, either potassium carbonate (K2CO3) or sodium hydride (NaH) as base, we recovered part of the unreacted starting substrate. In the best case, 41% of the starting material was recovered with sodium hydride, or 64% when carbonate was used (Scheme 6). An increase in the number of NaH equivalents gave only secondary products, which are due to the presence of the acidic proton at alpha carbonyl position of 5-hydroxychroman-2-one 4, in addition to the products of unidentified degradations. Despite this disappointing result, we continued our work by preparing the trisubstituted homocycle. Ring opening by an attack at C-2 was not followed by re-cyclization products, as it often is in the monocyclic series. Ring-opened products were therefore isolated. The opening of the lactone 13 carried out in ethanol at reflux in the presence of concentrated sulfuric acid, led to the phenolic diester 14 with 82% of yield (Scheme 6). In this case, 30% of the starting product 14 was recovered, and was used for a new synthesis of compound 19. The hydrolysis of the ester derivative 19 in a basic solution of 10% NaOH in EtOH afforded the desired product V (ONO-LB-457) with 80% yield.

Conclusion

The results obtained in the attempts to reproduce the synthetic route used by Konno et al. for the preparation of the ONO-LB-457 compound have led us to apply alternative routes. Knoevenagel condensation between aldehyde and malonic acid, followed by double reduction and subsequent deprotection and cyclization, have allowed the chroman-2-one 4 to be achieved with an overall yield of 57%. It has also been shown that the Wittig reaction allows the mesylated key intermediate 18 to achieve an overall yield of 44% from 5-bromovaleric acid in three steps. The preparation of ONO-LB-457, which is a leukotriene B4 receptor antagonist, has been achieved by a convergent synthesis different from that previously described by other authors for the same compound. The number of stages has been reduced and the overall yields turns out to be higher.

Experimental 4.1. General Experimental

All reagents were purchased from commercial suppliers and were used without further purification. The reactions were monitored by thin-layer chromatography (TLC) analysis using silica gel (60 F254) plates. Compounds were visualized by UV irradiation at 256 or 365 nm. Flash column chromatography was performed on silica gel 60 (230-400 mesh, 0.040-0.063 mm). Melting points (mp [°C]) were taken on samples in open capillary tubes. Infrared spectra of compounds were recorded with a Thermo Scientific Nicolet iS10 instrument. 1 H NMR spectra were recorded with a Bruker spectrometer at 400 MHz. Chemical shifts are given in parts per million (ppm) from tetramethylsilane (TMS) as internal standard in CDCl3, and the residual peak of DMSO in [D6] DMSO. The following abbreviations are used for the 1 H NMR spectra multiplicities: br. s: broad singlet, s: singlet, d: doublet, t: triplet, q: quartet, qt: quintuplet, m: multiplet. Coupling constants (J) are reported in Hertz [Hz]. High Resolution Mass Spectrometry data (HRMS) were adquired using a LC/MSD-TOF analyser in methanol or acetonitrile. 

Synthesis of the 3,4-dihydro-5-hydroxychromen-2-one

3-(2,6-Dimethoxyphenyl)propanoic acid (12)

To a solution of the corresponding previously obtained acid 10 (4.26 g, 20.4 mmol) in acetic acid (70 mL) was added 10% Pd/C (2.12 g). The reaction mixture was stirred under hydrogen atmosphere until the complete consumption of the starting material (4 h). The mixture was filtered through Celite and evaporation of the solvent in vacuo provided a crude residue, which was purified by chromatography on silica gel using (MeOH/CH2Cl2, 6/94) to afford compound 12 as a white solid. Yield: 82%; mp: 109-111 °C; IR (cm -1 ): 3772-2556 (OH), 1696 (C=O); 1 H-NMR (DMSO + D2O) δ (ppm),7.13 (t, 1H, J = 8.3 Hz), 6.60 (d, 2H , J = 8.3 Hz), 3.75 (s, 6H), 2.79 (t, 2H, J = 8.0 Hz), 2.27 (t, 2H, J = 8.0 Hz); HRM: ESI(-)(M-1) cald for C11H13O4, 209.0814, found, 209.0821.

3,4-Dihydro-5-hydroxychromen-2-one (4)

Under nitrogen atmosphere, boron tribromide (2.24 mL; 23.75 mmol, 2.5 eq.) was slowly added to a solution of the corresponding acid 12 (2 g, 9.5 mmol) in (150 mL) anhydrous CH2Cl2. The reaction mixture was stirred at room temperature for 1 h and poured onto iced water. The aqueous layer was extracted three times with CH2Cl2, and the combined organic layers were dried over MgSO4, filtered, and concentrated in vacuo. The residue was purified by chromatography on silica gel using a CH2Cl2 to afford the desired product 4 as a white solid. Yield 76%; mp: 170-172 °C; IR (cm -1 ): 3261 (OH), 1723 (C=O); 1 H-NMR (CDCl3 + D2O) δ (ppm),7.10 (t, 1H, J = 8.2 Hz), 6.67 (d, 1H, J = 8.2 Hz), 6.57 (d, 1H, J = 8.2), 3.00 (t, 2H, J = 7.5 Hz), 2.78 (t, 2H, J = 7.5 Hz). 13 

Synthesis of phenolic diester 14

Ethyl 5-(3,4-dihydro-2-oxo-2H-chromen-5yloxy)pentanoate (13)

Sodium hydride (80% w/w, 0.11 g, 3.67 mmol) was added portion wise to a stirred solution of 5hydroxychroman-2-one (4) (0.55 g, 3.3 mmol) in dry DMF (10 mL). The solution was stirred under nitrogen atmosphere at room temperature for 20 min and a solution of ethyl 5-bromovalerate (0.64 mL, 4.0 mmol) in dry DMF (1mL) was added dropwise. The resulting mixture was stirred for 1 h at 60 °C, then poured onto iced water and the solution was slowly acidified by addition of aqueous (1N) HCl. The aqueous layer was extracted three times with AcOEt, and the combined organic layers were dried over MgSO4, filtered, checked with TLC plate and concentrated in vacuo. The resulting residue was purified by silica gel chromatography using a mixture (AcOEt / EP, 30/70) to separate the starting material (41%) of the desired compound 13 as a white solid. Yield 55%; mp: 57-59 °C; IR (Nujol) (cm -1 ): 1765 and 1721 (C=O); 1 H-NMR (CDCl3) δ (ppm) 7.17 (t, 1H, J = 8.2 Hz), 6.68 (d, 1H, J = 8.2 Hz), 6.63 (d, 1H, J = 8.2 Hz), 4.14 (q, 2H, J = 7.2 Hz), 4.00 (m, 2H), 2.98 (t, 2H, J = 7.6 Hz), 2.75 (t, 2H, J = 7.6 Hz), 2.38 (m, 2H), 1.85 (m, 4H), 1.26 (t, 3H, J = 7.2 Hz); HRM: ESI(+)(M+1) cald for C16H21O5, 293.1389, found, 293.1392.

Ethyl 5-[2(3-ethoxy-3-oxopropyl)-3hydroxyphenoxy] pentanoate (14)

To a solution of ester 13 (0.542 g, 1.86 mmol) in ethanol (15 mL), 4 mL of sulfuric acid was slowly added while stirring. The reaction mixture was stirred at 60°C for 4 h, and then partitioned between AcOEt and water. The aqueous layer was extracted three times with AcOEt. The combined organic layers were washed with water and brine, dried over MgSO4, and concentrated in vacuo. The solid residue was purified by chromatography on silica gel using (Ether/CH2Cl2, 1/99) to afford the desired product 14 as a solid. Yield 82%; mp: 67-68 °C; IR (cm -1 ): 3376 (OH), 1731 and 1713 (C=O); 1 H-NMR (CDCl3 + D2O) δ (ppm),7.06 (t, 1H, J = 8.1 Hz), (d, 1H, J = 8.1 Hz), 6.42 (d, 1H, J = 8.1 Hz), 4.14 (m, 4H, ), 3.95 (m, 2H), 2.90 (t, 2H, J = 6.6 Hz), 2.70 (t, 2H, J = 6.6 Hz), 2.39 (m, 2H), 1.83 (m, 4H), 1.25 (m, 6H); HRM: ESI(+)(M+1) cald for C18H27O6, 339.1808, found, 339.1807.

Synthesis of (E)-6-(4-methoxyphenyl)hex-5-en-1-yl methanesulfonate (18)

(E)-6-(4-Methoxyphenyl)hex-5-enoic acid (16)

The phosphonium salt, (4-carboxybutyl)triphenyl phosphonium bromide was previously prepared from 5-bromovaleric acid (15) and triphenylphosphine according to the following procedure: In a 250 mL flask equipped with a refrigerant containing 10.0 g of 5-bromovaleric acid 15 (1 eq, 55.2 mmol), 16.0 g of triphenylphosphine (1.1 eq., 61.0 mmol) and 150 mL of xylene were added. The mixture was heated at reflux for 2 h with stirring. After cooling the mixture to room temperature, the white precipitate formed was filtered on sintered glass and washed with acetone. After drying, 15.92 g of (4-carboxybutyl)triphenylphosphonium bromide were recovered as a white solid with 65% yield. Thereafter, to a stirred solution of hexamethyldisilazane (12.23 mL, 58.0 mmol) in anhydrous THF (60 mL) under nitrogen, nbutyllithium (1.6 in hexane, 33.75 mL, 54 mmol) was added at 0 °C. After 30 min at 0 °C, a solution of (4-carboxybutyl)triphenylphosphonium bromide (9 g, 20.31 mmol) in anhydrous THF (100 mL) was added via cannula slowly. The solution was vigorously stirred for 30 min, and a solution of anisaldehyde (3 mL, 24.72 mmol) was added. The resulting mixture was stirred for 2 h and subsequently quenched with water (160 mL). The homogeneous solution was acidified to pH = 2 with an aqueous solution of sulfuric acid. The aqueous layer was extracted with AcOEt, and the combined organic layers were dried over MgSO4, filtered, and concentrated in vacuo. The residue was purified by chromatography on silica gel using a mixture (AcOEt/EP/AcOH, 90/9/1) to afford the desired product 16 as a solid. Yield 62%; mp: = 76-78 °C; IR (cm -1 ): 3730-2500 (OH), 1709 (C=O), 1611 (C=C); 1 H-NMR (CDCl3 + D2O) δ (ppm), 7.26 (d, 2H, J = 8.7 Hz), 6.83 (d, 2H, J = 8.7 Hz), 6.35 (d, 1H, J = 15.7 Hz), 6.10-5.96 (m, 1H), 3.08 (s, 3H), 2.41 (t, 2H, J = 7.4 Hz), 2.26 (q, 2H, J = 7.4 Hz), 1.81 (q, 2H, J = 7.4 Hz).

(E)-6(4-Methoxyphenyl)-5-hexen-1-ol (17)

Lithium aluminum hydride (2 g, 52.7 mmol) in anhydrous THF (100 mL) was added portion wise at 0 °C to a stirred solution of acid 16 (2.79 g, 12.68 mmol) in 100 mL of THF. The solution was stirred under nitrogen atmosphere at 25 °C for 4 h and poured onto iced water. Solution of KOH (3M, 2 mL) and 6.75 mL water were added and the reaction mixture was stirred for 1 h. The resulting suspension was filtered. The filtrate was dried over MgSO4; the solvent was removed in vacuo. The residue was purified by chromatography on silica gel using a mixture (AcOEt/EP, 50/50) to afford the desired product 17 as a white solid. Yield 75% ; mp = 57-60 °C; IR (cm -1 ): 3614-3102 (OH), 1606 (C=C); 1 H-NMR (CDCl3 + D2O) δ (ppm), 7.26 (d, 2H, J = 8.7 Hz), 6.83 (d, 2H, J = 8.7 Hz), 6.34 (d, 1H, J = 15.7 Hz), 6.13-6.00 (m, 1H), 3.79 (s, 3H), 3.68 (t, 2H, J = 6.4 Hz), 2.22 (q, 2H, J = 7.1 Hz), 1.69-1.46 (m, 4H); HRM: ESI(+)(M+1) cald for C13H18O2, 206.1307, found, 206.1310.

(E)-6(4-Methoxyphenyl)-5-hexenyl methane sulfonate (18)

At 0 °C, mesyl chloride (0.8 mL, 10.33 mmol) was added dropwise to a stirred solution of the alcohol 17 (1.66 g, 8.05 mmol) in CH2Cl2 (60 mL) and (4.7 mL). The solution was stirred under nitrogen atmosphere at 0 °C for 1 h and was hydrolyzed with water. The aqueous phase was extracted with CH2Cl2. The combined organic layers were dried with MgSO4, the solvent was evaporated, and the crude product was purified by chromatography on silica gel using a mixture (AcOEt/EP, 46/54) to afford the desired product 18 as crystallizing oil. Yield 94% ; mp= 32-33 °C; IR (cm -1 ): 2983 (CH), 1605 (C=C); 1 H-NMR (CDCl3) δ (ppm), 7.27 (d, 2H, J = 8.7 Hz), 6.83 (d, 2H, J = 8.7 Hz), 6.35 (d, 1H, J = 15.8 Hz), 6.09-5.96 (m, 1H,), 4.25 (t, 2H, J = 6.5 Hz), 3.80 (s, 3H), 3.00 (s, 3H), 2.25 (q, 2H, J = 7.3 Hz), 1.81 (q, 2H, J = 7.3 Hz), 1.59 (q, 2H, J = 7.5 Hz); HRM: ESI(+)(M+1) cald for C14H20O4S, 284.1082, found, 284.1087. (19) Sodium hydride (0.173 g, 3.23 mmol) was added portionwise to a stirred solution of phenol 14 (0.79 g, 2.43 mmol) in dry DMF (16 mL). The solution was stirred under nitrogen atmosphere at room temperature for 15 min and a solution of the mesylate 18 (0.55 g, 1.94 mmol) in dry DMF (4 mL) was added dropwise. The resulting mixture was stirred for 2 h at 60 °C, then poured onto iced water and the solution was slowly acidified by addition of aqueous (1N) HCl. The aqueous layer was extracted three times with AcOEt, and the combined organic layers were dried over MgSO4, filtered, and concentrated in vacuo. The residue was purified by chromatography on silica gel using a (CH2Cl2) to afford the desired product 19 as a colorless oil. Yield 50%; IR (cm -1 ): 1738 (C=O), 1650 (C=C); 1 H-NMR (CDCl3) δ (ppm), 7.27 (d, 2H, J = 8.8 Hz), 7.07 (t, 1H, J = 8.1 Hz), 6.82 (d, 2H, J = 8.8 Hz), 6.48 (m, 2H), 6.35 (d, 1H, J = 15.4 Hz), 6.14-6.01 (m, 1H), 4.09 (m, 4H), 3.96 (m, 4H), 3.79 (s, 3H), 3.02 (t, 2H, J = 8.1 Hz), 2.49 (t, 2H, J = 8.1 Hz), 2.38 (m, 2H), 2.25 (q, 2H, J = 7.3 Hz), 1.83 (m, 6H), 1.66 (q, 2H, J = 7.4 Hz), 1.23 (m, 6H); HRM: ESI(+)(M+1) cald for C31H43O7, 527.3009, found, 527.3011.

Synthesis of V (ONO-LB

5-(2-(2-Carboxyethyl)-4-meyhoxy-3-{[(E)-6-(4-methoxy-phenyl)-5-hexenyl]-oxy}-phenoxy)pentanoic acid (V) (ONO-LB-457)

To a solution of ester 19 (0.62 g, 1.17 mmol) in ethanol (40 mL), 10% the potassium hydroxide (0.7 g, 17.57 mmol / in 14 mL water) was slowly added. The reaction mixture was stirred for 24 h min at room temperature and was hydrolyzed with water. The aqueous phase was extracted with CH2Cl2. The combined organic layers were washed with water and brine, dried over MgSO4, and concentrated in vacuo. The solid residue was purified by chromatography on silica gel using a mixture (MeOH/CH2Cl2, 10/90) to afford the desired product V as white crystals. Yield 80%; mp = 146-148 °C; IR (cm -1 ): 3640-3000 (OH), 1712 (C=O). 
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 2 Figure 2. Structures of antagonists of LTB4 receptors described in the literature as molecules that have entered clinical trials. [19]
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 3 Fig. 3. Chart 1: Possible conformers of LTB4 / Chart 2: Partial stiffening of conformers A and B
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 4 Fig. 4. Structural leukotriene B4 analogues

  et al. (Scheme 1). [20] This sequence involves a Michael reaction and aromatization of the enol-acetate derivative, followed by a cyclization reaction, thereby providing a 5-hydroxy-chroman-2-one intermediate (4). Therefore, a simple nucleophilic attack of the phenoxide moiety on the mesylate derivative leads to the formation of (E)-5-((6-(4-methoxyphenyl) hex-5-en-1-yl)oxy)chroman-2-one (5), then the opening of the heterocyclic system gives the Osubstituted phenol ester derivative at the C-6 position of the aromatic ring, (E)-ethyl 3-(2hydroxy-6-((6-(4)methoxyphenyl)hex-5-en-1-yl) oxy)phenyl)propanoate (6).

Scheme 1 .

 1 Scheme 1. Previous work: synthesis of compound V (ONO-LB-457) reported by Konno's group from 1,3-cyclohexanedione. [20]

Scheme 2 .

 2 Scheme 2. Preparation of chroman-2-one 4 according to the methodology described in the literature bySharma et al. [28] In order to fine-tune the synthesis of the LTB4 receptor antagonists, we initially focused on the preparation of the ONO-LB-457 itself, required as a reference for the desired biological tests. At first, an attempt was made to reproduce the synthesis described by Konno et al. starting from 1,3-cyclohexanedione[20a] with the aim of obtaining compound V: ONO-LB-457. However, the first step of adding cyclohexanedione to ethyl acrylate led to a mixture of the expected ester and the diester product of the double Michael addition. Starting with small amounts of cyclohexanone, the use of NaH as a base offers better results than sodium ethoxide, but on a multigram scale, a crude reaction difficult to purify was obtained.

Scheme 3 .

 3 Scheme 3. This work: Retrosynthesis of ONO-LB-457 compound prepared from 2,6-dimethoxybenzaldehyde

Scheme 6 .Scheme 7 .Scheme 8 .

 678 Scheme 6. Synthesis of phenolic diester 14 from 5hydroxychroman-2-one (4).

4 4. 2

 42 .1. (E)-3-(2,acrylic acid(10) To a solution of 2,5-dimethoxy-benzaldehyde (3.4 g, 20.0 mmol) in 15 mL of pyridine, piperidine (0.4 mL) and the malonic acid (4.26 g, 41.0 mmol) was added. The reaction mixture was stirred at 85 °C for 1 h, and 3 h at 110 °C. The solid residue was solubilized in 160 mL of water. The solution was slowly acidified by addition of aqueous HCl to pH = 2 until crystal appeared. The crystal was filtered, washed with water and dried. Yield: 92%; mp: 152-154 °C [ literature: mp: 154-156 °C [28]; mp: 151-153 °C[29]; IR (cm-1): 3269 (OH), 1702 (C=O), 1091 (C-O); 1 H-NMR (CDCl3 + D2O) δ (ppm), 8.10 (d, J =16.1 Hz, 1H), 7.13 (t, 1H, J = 8.3 Hz), 6.80 (d, J =16.1 Hz, 1H), 6.60 (d, 2H , J = 8.3 Hz), 3.85 (s, 6H); HRM: ESI(-)(M-1) cald for C11H11O4, 207.0657, found, 207.0660[29][30][31][32] 

14 4. 5 . 1 .

 1451 -457) from phenolic diester Ethyl 5-(2-(3-ethoxy-3-oxopropyl)-3-{[(E)-6(4-methoxyphenyl)-5-hexenyl]oxy}-phenoxy)penta neate

  1 H-NMR (CDCl3+ D2O) δ (ppm), 7.24 (d, 2H, J = 8.8 Hz), 7.00 (t, 1H, J = 8.1 Hz), 6.80 (d, 2H, J = 8.8 Hz), 6.43 (d, 1H, J = 8.1 Hz), 6.37 (d, 1H, J = 8.1 Hz), 6.30 (d, 1H, J = 15.4 Hz), 6.02 (m, 1H), 3.94-3.78 (m, 4H), 3.76 (s, 3H), 2.97 (m, 2H), 2.45 (m, 2H), 2.33 (m, 2H), 2.19 (q, 2H, J = 7.3 Hz), 1.90-1.63 (m, 6H), 1.56 (m, 2H); SM (IC / NH3): m/z = 470 (M) ; 471 (M+1).
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