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Abstract – Four types of novel resveratrol-phthalide hybrid compounds were 

designed and synthesized systematically by Suzuki-Miyaura cross-coupling 

reaction. These hybrid compounds were evaluated upon an inhibitory effect of the 

LPS-stimulated NO production in murine macrophage cell line, RAW264.7. As a 

result, two of them showed stronger inhibitory activity than the original 

resveratrol.

The authors dedicate this article to Prof. Tohru Fukuyama in honor of his 70th 

birthday. 

INTRODUCTION 

Resveratrol and oxyresveratrol, found in abundance in grapes or peanuts, are well-known polyphenols 

which have three or four hydroxy groups in the molecules (see Figure 1).1 For example, resveratrol and 

oxyresveratrol provide a variety of biological activities such as anti-inflammatory, anti-tumor, 

anti-angiogenic, melanin-producing restraint, metabolic syndrome restoration, prevention of Alzheimer's 

disease and the arteriosclerosis prevention effects. Even though there are no reports as for hazardous 
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Finally, the synthesis of Hybrid 4 was carried out. The cross-coupling of phthalide 29 and boronic acid 

12, that were already synthesized, was conducted in a same condition as described in Scheme 3. The 

coupling product was afforded in 69% yield, and the following demethylation proceeded easily to provide 

the desired Hybrid 4 in high yield. Each spectral data of those hybrid compounds strongly supported 

their chemical structures (see experimental section). 
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Scheme 3. Synthesis of Hybrid 2 and Hybrid 3 
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Scheme 4. Synthesis of Hybrid 4 

 

2. Bioactive evaluation of Hybrid 1-4 

RAW264.7 cells cultured in the presence of LPS and Hybrid 1-4 were used for evaluation. NO amount 

was measured by the Griess reagent system.16 Because the amount of this NO production is assumed to be 

an index of the evaluation on the anti-inflammatory effect of the hybrid compounds, the amount can be 

analyzed quantitatively. NO production by these cells was strongly suppressed by the treatment with 

Hybrid 1 and Hybrid 4 compared with those of resveratrol and oxyresveratrol in a dose dependent 

538 HETEROCYCLES, Vol. 99, No. 1, 2019



 

manner. On the other hand, Hybrid 2 and Hybrid 3 did not show significant ability to suppress the NO 

production. 6-Hydroxyphthalide also had weak inhibitory activity on the NO production (Figure 3). 

Hybrid 1-4 had no effect on viability of RAW264.7 cells, indicating that inhibition of NO production by 

the hybrid compounds is not due to cytotoxicity. 

The p-hydroxystyrene structure seemed to play an important role, but we need further synthesis of various 

hybrid compounds and the accumulation of the experimental data to confirm the structure-activity 

relationship. 
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Figure 3. Suppression of LPS-induced NO production by RAW264.7 cells when resveratrol, 

oxyresveratrol, 6-hydroxyphthalide and Hybrid 1-4 were added. 

CONCLUSION 

We have successfully synthesized four types of novel resveratrol-phthalide hybrid compounds (Hybrid 

1-4), and found that two of them showed stronger inhibitory activity than the original resveratrol by the 

evaluation of using the LPS-stimulated NO production in murine macrophage cell line. Further study for 

the synthesis of other hybrid compounds and more detailed experiment on the inhibitory activity are in 

progress. 
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heptane (4.7 mL) was added dropwise to the solution, and the resulting pale yellow suspension was 

warmed up to rt and then stirred for 3.5 h. After complete consumption of the starting material which was 

checked by TLC, the reaction mixture was poured into ice-cooled 1 M HCl to quench the reaction. The 

whole mixture was extracted twice with CHCl3. The combined organic extracts were washed thrice with 

water, once with brine successively, dried over Na2SO4, filtered and concentrated to give a crude 

colorless solid. The solid was purified by flash column chromatography eluting with EtOAc and hexane 

in 1/3 ratio to give 604 mg (96%) (2 steps from 5) of 7 as a white solid of mp 87–88 °C. 1H NMR 

(CDCl3)  3.88 (s, 3H), 3.94 (s, 3H), 6.55 (d, 1H, J = 2.6), 7.02 (d, 1H, J = 2.6), 10.43 (s, 1H), 12.71 (s, 

1H). 13C NMR (CDCl3)  52.8, 55.9, 103.9, 111.8, 112.8, 135.2, 165.4, 166.0, 166.4, 195.4. HR-MS 

(EI+) m/z: Calcd for C10H10O5 210.0528; Found 210.0530. 

2-Formyl-5-methoxy-3-methoxymethoxybenzoic acid methyl ester: 88 

To a solution of 7 (420 mg, 2 mmol) in anhydrous DMF (10 mL) was slowly added 

diisopropylethylamine (516 mg, 4 mmol) under ice-water bath cooling, and was stirred at the same 

temperature for 10 min. Methoxymethyl chloride (480 mg, 6 mmol) was added to the resulting yellow 

solution  and was stirred at rt for 1 h. After complete consumption of the starting material, the reaction 

mixture was quenched by an addition of water at 0 °C, and the mixture was extracted thrice with EtOAc. 

The combined organic layer was washed with brine, and then dried over Na2SO4, filtered and 

concentrated in vacuo. The residue was purified by flash column chromatography eluting with EtOAc and 

hexane in 1/2 to 1/1 ratio to give 506 mg (99%) of 8 as a white solid of mp 76.5–78.0 °C. 1H NMR 

(CDCl3)  3.51 (s, 3H), 3.86 (s, 3H), 3.92 (s, 3H), 5.27 (s, 2H), 6.65 (d, 1H, J = 2.2), 6.79 (d, 1H, J = 2.2), 

10.33 (s, 1H). 13C NMR (CDCl3)  52.8, 55.8, 56.5, 94.9, 102.5, 107.2, 117.5, 136.3, 160.9, 164.7, 169.2, 

187.7. HR-MS (EI+) m/z: Calcd for C12H14O6 254.0790; Found 254.0789. 

4-Hydroxy-6-methoxy-3H-isobenzofuran-1-one (4-hydroxy-6-methoxyphthalide): 10 

According to a previously reported procedure,8 to a solution of 8 (2.54 g, 10 mmol) in MeOH (20 mL) 

was added sodium borohydride (1.11 g, 30 mmol) at 0 °C. The reaction mixture was gradually warmed to 

rt, and stirred for 16 h. To a reaction mixture including alcohol 9 was added 6 M HCl (6 mL), and was 

heated at 80 °C for 1 h. The reaction was quenched immediately if the color of the reaction mixture 

turned orange or red. After heating the reaction mixture, a cream-colored slurry was formed, and this 

slurry was collected by suction filter under a vacuum, and the solid was thoroughly washed with water. 

The solid was dried at 50 °C under reduced pressure gave 1.64 g, 91% of 10 as a cream-colored powder 

of mp >230 °C (decomp). 1H NMR (DMSO-d6)  3.77 (s, 3H), 5.20 (s, 2H), 6.65 (d, 1H, J = 2.2), 6.78 (d, 

1H, J = 2.2), 10.37 (s, 1H). 13C NMR (DMSO-d6)  55.6, 67.9, 98.5, 107.7, 126.6, 127.3, 152.8, 161.5, 

170.6. HR-MS (EI+) m/z: Calcd for C9H8O4 180.0423; Found 180.0418. 
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Cell culture RAW264.7 cells, murine macrophage cell line, were maintained in RPMI1640 supplemented 

with 10% FBS, 100 U/mL penicillin, and 100 g/mL streptomycin at 37 °C in 5% CO2 and 95% air. 

NO production NO production was determined as generation of nitrite.16 RAW264.7 cells (2x105 

cells/well) were seeded on 48-well plates and allowed to grow to confluence. The cells were pretreated 

with vehicle (control), resveratrol, oxyresveratrol, dexamethasone, L-NAME or synthesized compounds 

for 30 min and then incubated with 1 g/mL LPS for 24 h. After the conditioned medium was sampled, 

NO released into the medium was converted to nitrate when left on ice, and then nitrate was completely 

reduced by nitrate reductase to nitrite. Nitrite was determined by colorimetry at 570 nm following the 

Griess reaction.16 Sodium nitrite was used as a standard. 

Cell viability RAW264.7 cells were seeded on 48-well plates and allowed to grow to confluence. Cell 

viability was assessed by Live/Dead cell staining kit II according to the manufacturer’s instruction. 

Statistical Analysis Data are presented as means ± S.E. Statistical differences in the dose-response study 

were evaluated by one-way ANOVA followed by Dunnett’s multiple comparison test. Student’s t-test 

was used for comparing two groups. A p value of <0.05 was regarded as significant. 
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