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Abstract

:

A series of ureido derivatives of neoabietic acid were synthesized by application of Curtius rearrangement reaction to neoabietic acid and amines. Structure characterization of these compounds was done by 1H-NMR, 13C-NMR and HRMS spectral analysis.
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1. Introduction


Resin acids are dozens of natural monoterpene, sesquiterpene and diterpene acids found in the oleoresin which was secreted by the plants to treat against herbivores and other pathogens. When attacked by herbivores, such as white pine weevil, bark beetle, pine sawfly and so forth, or fungus and bacteria, the plants (mostly of Pinaceae family) can produce a mixture of viscous compounds containing resin acids to push out or entomb the attacking insects, and/or seal and heal the wounding [1]. Chemically, resin acids contain a mixture of isomeric abietic-type acids and pimaric-type acids. Abietic, neoabietic, dehydroabietic, levopimaric and palustric acids are the commonly found resin acids in nature (Figure 1). Outside the natural contexts, biological activities of resin acids were also well studied. For example, abietic acid was found to enhance cell migration and tube formation in human umbilical vein vascular endothelial cells, by upregulation of extracellular signal-regulated kinase and p38 expression [2]. Fox et al. found that abietic acid can inhibit protein tyrosinephosphatase 1B, which might be of benefit to the treatment of diseases related to insulin signaling [3]. It is discovered that the oral administration of methyl dehydroabietate can reduce white adipose tissue weight and plasma levels of glucose, insulin and leptin in mice induced by high-fat diet [4].



The diverse biological potentials inspired chemically structural modification of resin acids [5]. Recently Hou et al. synthesized a dozen amides based on dehydroabietic acid and evaluated their antibacterial activity [6]. Other derivatives of resin acids were also prepared [7,8,9]. Nevertheless, synthetic modification has not yet been pursued up to now regarding to neoabietic acid.



Curtius rearrangement reaction is a classic organic reaction for preparation of carbamates, amines and urea derivative from acyl azides, which could be easily synthesized from carboxylic acids [10]. Curtius rearrangement reaction has recently used to steviol, a naturally occurring diterpenoid to obtain potent inhibitor against hepatitis B virus [11]. We assume the similar strategy could be applied to neoabietic acid and herein we reported the synthesis and structural characterization of ureido derivatives of neoabietic acid.




2. Results and Discussion


The synthesis of C-4 ureido compounds of neoabietic acid was depicted in Scheme 1. Generally, abietic acid was dissolved in toluene, followed by the addition of diphenylphosphoryl azide (DPPA) and triethylamine. The mixture was heated at 110 °C to be completely converted into the isocyanate. Without isolation of the isocyanate, to the cooled reaction mixture was added the respectful amine. The final target urea derivatives were usually formed after stirring at 80 °C for 4–10 h.



Lin et al. isolated the intermediate isocyanate when preparing steviol ureido derivatives [11], that is, 4α-Isocyanato-19-nor-ent-13-hydroxykaur-16-ene, as a white crystal. In our case, attempt to purify the intermediate proved fruitless. Thus, we resorted to the one-pot, two-step protocol for the synthesis of compounds 1–11. This strategy is tolerable to a broad range of aliphatic primary and secondary amine but is not applicable to aromatic amines with electron-withdrawing groups. For example, reaction of isocyanate intermediate with 4-methylaniline, 4-chloroaniline, 2-chloropyridin-3-amine, 4-methylpyridin-2-amine, did not obtain any desired product. Nevertheless, 2-aminophenol was successfully be converted to the urea compound 10.



It is observed that the synthesized ureido derivatives of neoabietic acid are stable in neutral and basic condition but acidic mediate would lead to their slow decomposition.




3. Materials and Methods


Commercially available reagents were used as received without additional purification. Thin-layer chromatography (TLC) was carried out on glass plates coated with silica gel (Qingdao Haiyang Chemical Co., Qingdao, China, G60F-254) and visualized by UV light (254 nm). The products were purified by column chromatography over silica gel (Qingdao Haiyang Chemical Co., Qingdao, China, 200–300 mesh). NMR spectra were recorded with a Varian 400 MHz or a 500 MHz NMR spectrometer in CDCl3, DMSO-d6 or pyridine-d5. High-resolution mass spectra (HRMS, electrospray in positive mode, ESI+) were recorded on AB SCIEX Elite quadrupole time-of-flight mass spectrometer.



General procedure for the preparation of C-4 ureido compounds 1–11: To the solution of neoabietic acid (30.2 mg, 0.1 mmol) in toluene (3 mL), were added diphenylphosphoryl azide (35.8 mg, 0.13 mmol) and triethylamine (13 mg, 0.13 mmol). The mixture was heated at 110 °C for 2–4 h. After TLC confirmed the total consumption of neoabietic acid, the reaction mixture was then cooled to 80 °C and charged with amine (0.15 mmol). The resulting mixture was stirred at 80 °C for another 4–10 h before quenched with water. The solvents were evaporated off in vacuo, the residue was purified by column chromatography to produce the desired product.



1-[(1R,4aR,4bS,10aR)-1,4a-Dimethyl-7-(propan-2-ylidene)-1,2,3,4,4a,4b,5,6,7,9,10,10a-dodecahydrophenanthren-1-yl]-3-methylurea (1), Yield 87%, white solid. 1H-NMR (500 MHz, pyridine-d5) δ 6.33 (s, 1H), 6.11 (q, J = 4.8 Hz, 1H), 5.82 (s, 1H), 2.88 (d, J = 4.7 Hz, 3H), 2.60–2.50 (m, 2H), 2.42–2.28 (m, 2H), 2.24–2.11 (m, 2H), 1.95 (d, J = 8.7 Hz, 1H), 1.92–1.81 (m, 2H), 1.75 (s, 3H), 1.70 (s, 3H), 1.62–1.50 (m, 2H), 1.49–1.34 (m, 4H), 1.31 (s, 3H), 1.17 (td, J = 12.9, 3.7 Hz, 1H), 0.77 (s, 3H). 13C-NMR (125 MHz, pyridine-d5) δ 159.29, 139.52, 129.33, 123.44, 123.05, 56.56, 52.14, 51.61, 39.58, 39.16, 39.09, 36.45, 27.27, 26.73, 23.31, 23.12, 22.42, 20.87, 20.47, 20.22, 15.95. HRMS (ESI) calcd. for C21H35N2O [M + H]+: 331.27439, found: 331.27429.



1-[(1R,4aR,4bS,10aR)-1,4a-Dimethyl-7-(propan-2-ylidene)-1,2,3,4,4a,4b,5,6,7,9,10,10a-dodecahydrophenanthren-1-yl]-3-propylurea (2), Yield 82%, white solid. 1H-NMR (400 MHz, DMSO-d6) δ 6.17 (s, 1H, 14-CH), 5.63 (s, 1H, NH), 5.40 (s, 1H, NH), 2.89–2.84 (m, 2H, a-CH2), 2.49–2.42 (m, 1H, 12-CH2), 2.38–2.30 (m, 1H, 7-CH2), 2.12–2.00 (m, 1H, 7′-CH2), 1.98–1.90 (m, 2H, 3 & 5-CH2), 1.88–1.70 (m, 4H, 2, 3′, 9 & 12′-CH2), 1.68 (s, 3H, 16-CH3), 1.65 (s, 3H, 17-CH3), 1.63–1.56 (m, 2H, 1 & 6-CH2), 1.49–1.42 (m, 1H, 11-CH2), 1.39–1.24 (m, 5H, 2’, 6’, b & 11’-CH2), 1.09 (s, 3H, 19-CH3), 1.06–0.94 (m, 1H, 1′-CH2), 0.82 (t, J = 7.4 Hz, 3H, c-CH3), 0.68 (s, 3H, 20-CH3). 13C-NMR (100 MHz, DMSO-d6) δ 157.06 (18-CO), 138.33 (8-C), 127.82 (13-C), 122.54 (15-C), 121.80 (14-C), 54.80 (4-C), 50.90 (9-C), 50.25 (5-C), 40.56 (a-C), 38.36 (10-C), 38.06 (3-C), 37.71 (1-C), 35.25 (7-C), 25.46 (12-C), 23.26 (b-C), 22.08 (2-C), 21.70 (6-C), 21.33 (19-C), 20.18 (17-C), 19.45 (16-C), 19.09 (11-C), 15.03 (20-C), 11.34 (c-C). HRMS (ESI) calcd. for C23H39N2O [M + H]+: 359.3062, found: 359.3050, 717.6020 {[2M + H]+}.



1-[(1R,4aR,4bS,10aR)-1,4a-Dimethyl-7-(propan-2-ylidene)-1,2,3,4,4a,4b,5,6,7,9,10,10a-dodecahydrophenanthren-1-yl]-3-octylurea (3), Yield 75%, white solid. 1H-NMR (500 MHz, CDCl3) δ 6.24 (s, 1H), 4.13 (s, 1H), 4.06 (s, 1H), 3.12 (q, J = 6.6 Hz, 2H), 2.55 (dt, J = 14.1, 4.2 Hz, 1H), 2.41 (dd, J = 15.1, 4.0 Hz, 1H), 2.30–2.14 (m, 2H), 2.09 (dd, J = 12.7, 2.5 Hz, 1H), 2.03 (t, J = 7.8 Hz, 1H), 1.98–1.80 (m, 4H), 1.74 (s, 3H), 1.71 (d, J = 7.5, 1H), 1.67 (s, 4H), 1.61 (dt, J = 14.1, 3.7 Hz, 2H), 1.54–1.37 (m, 5H), 1.36–1.26 (m, 8H), 1.25 (s, 3H), 1.23–1.19 (m, 1H), 0.91 (t, J = 6.7 Hz, 3H), 0.80 (s, 3H). 13C-NMR (125 MHz, CDCl3) δ 157.16 (18-CO), 138.79 (8-C), 128.49 (13-C), 123.48 (15-C), 122.17 (14-C), 56.70, 51.50, 51.15, 40.67, 39.02, 38.48, 38.20, 35.82, 31.95, 30.45, 29.48, 29.40, 27.12, 26.02, 22.79, 22.68, 22.46, 22.28, 20.49, 19.83, 19.70, 15.47, 14.23. HRMS (ESI) calcd. for C28H49N2O [M + H]+: 429.38394, found: 429.38400.



N-[(1R,4aR,4bS,10aR)-1,4a-Dimethyl-7-(propan-2-ylidene)-1,2,3,4,4a,4b,5,6,7,9,10,10a-dodecahydrophenanthren-1-yl]piperidine-1-carboxamide (4), Yield 69%, colorless oil. 1H-NMR (500 MHz, CDCl3) δ 6.18 (s, 1H), 4.16 (s, 1H), 3.24 (t, J = 5.3 Hz, 4H), 2.50 (dt, J = 14.1, 4.4 Hz, 1H), 2.36 (dd, J = 14.4, 4.5 Hz, 1H), 2.20 (qd, J = 13.6, 12.6, 3.9 Hz, 2H), 2.10 (dd, J = 12.6, 2.5 Hz, 1H), 1.99 (d, J = 8.0 Hz, 1H), 1.93–1.75 (m, 4H), 1.73 (s, 3H), 1.68 (s, 3H), 1.67–1.49 (m, 8H), 1.47–1.28 (m, 3H), 1.21 (s, 3H), 1.16 (dd, J = 13.1, 3.8 Hz, 1H), 0.75 (s, 3H). 13C-NMR (125 MHz, CDCl3) δ 156.79, 138.83, 128.51, 123.38, 122.11, 56.83, 51.47, 50.80, 45.26 (2 × CH2), 39.00, 38.43, 37.91, 35.82, 26.01, 25.81 (2 × CH2), 24.63, 22.66, 22.51, 22.27, 20.45, 19.80, 19.71, 15.44. HRMS (ESI) calcd. for C25H41N2O [M + H]+: 385.32134, found: 385.32138.



N-[(1R,4aR,4bS,10aR)-1,4a-Dimethyl-7-(propan-2-ylidene)-1,2,3,4,4a,4b,5,6,7,9,10,10a-dodecahydrophenanthren-1-yl]-4-methylpiperidine-1-carboxamide (5), Yield 72%, colorless oil. 1H-NMR (500 MHz, CDCl3) δ 6.19 (s, 1H), 4.17 (s, 1H), 3.85–3.77 (m, 2H), 2.74–2.64 (m, 2H), 2.51 (dt, J = 14.2, 4.4 Hz, 1H), 2.37 (dd, J = 14.3, 4.6 Hz, 1H), 2.27–2.14 (m, 2H), 2.09 (dd, J = 12.7, 2.5 Hz, 1H), 1.99 (d, J = 8.2 Hz, 1H), 1.93–1.75 (m, 4H), 1.73 (s, 3H), 1.69 (s, 3H), 1.69–1.50 (m, 8H), 1.50–1.28 (m, 4H), 1.26–1.02 (m, 4H), 0.93 (d, J = 6.4 Hz, 3H), 0.76 (s, 3H). 13C-NMR (125 MHz, CDCl3) δ 156.79, 138.83, 128.51, 123.41, 122.13, 56.86, 51.47, 50.81, 44.70, 44.64, 39.00, 38.44, 37.91, 35.81, 34.12, 34.07, 31.12, 26.01, 22.66, 22.51, 22.28, 21.95, 20.46, 19.81, 19.71, 15.45. HRMS (ESI) calcd. for C26H43N2O [M + H]+: 399.33699, found: 399.33691.



N-[(1R,4aR,4bS,10aR)-1,4a-Dimethyl-7-(propan-2-ylidene)-1,2,3,4,4a,4b,5,6,7,9,10,10a-dodecahydrophenanthren-1-yl]-4-phenylpiperidine-1-carboxamide (6), Yield 80%, colorless oil. 1H-NMR (500 MHz, CDCl3) δ 7.31 (t, J = 7.4 Hz, 2H), 7.20 (d, J = 7.9 Hz, 3H), 6.21 (s, 1H), 4.24 (s, 1H), 4.00 (t, J = 10.0 Hz, 2H), 2.89–2.78 (m, 2H), 2.64 (tt, J = 12.1, 3.7 Hz, 1H), 2.52 (dt, J = 14.0, 4.3 Hz, 1H), 2.40 (dd, J = 14.6, 4.3 Hz, 1H), 2.31–2.18 (m, 2H), 2.14 (dd, J = 12.7, 2.5 Hz, 1H), 2.03 (t, J = 7.9 Hz, 1H), 1.93 (d, J = 12.8 Hz, 1H), 1.88–1.82 (m, 3H), 1.75 (s, 3H), 1.70 (s, 3H), 1.72–1.56 (m, 6H), 1.53–1.30 (m, 3H), 1.25 (s, 3H), 1.24–1.16 (m, 1H), 0.78 (s, 3H). 13C-NMR (125 MHz, CDCl3) δ 156.71, 145.76, 138.76, 128.66 (2 × ArCH), 128.50, 126.89 (2 × ArCH), 126.51, 123.47, 122.19, 57.00, 51.49, 50.83, 45.16, 45.08, 42.86, 39.03, 38.45, 37.92, 35.83, 33.28, 33.21, 26.02, 22.68, 22.57, 22.31, 20.48, 19.82, 19.72, 15.46. HRMS (ESI) calcd. for C31H45N2O [M + H]+: 461.35264, found: 461.35253.



N-[(1R,4aR,4bS,10aR)-1,4a-Dimethyl-7-(propan-2-ylidene)-1,2,3,4,4a,4b,5,6,7,9,10,10a-dodecahydrophenanthren-1-yl]-[1,4′-bipiperidine]-1′-carboxamide (7), Yield 71%, white solid. 1H-NMR (400 MHz, DMSO-d6) δ 6.16 (s, 1H), 5.37 (s, 1H), 3.91 (d, J = 12.9 Hz, 2H), 2.58–2.48 (m, 4H, hiding in DMSO), 2.45–2.39 (m, 4H), 2.35–2.27 (m, 2H), 2.23–2.15 (m, 2H), 2.14–2.06 (m, 2H), 1.89–1.84 (m, 1H), 1.82–1.58 (m, 12H), 1.49–1.43 (m, 4H), 1.39–1.34 (m, 2H), 1.31–1.18 (m, 4H), 1.13 (s, 3H), 1.09–1.04 (m, 1H), 0.73 (s, 3H). 13C-NMR (100 MHz, DMSO-d6) δ 156.52 (18-CO), 138.51 (8-C), 127.84 (13-C), 122.47 (15-C), 121.74 (14-C), 61.94, 55.83, 50.97, 49.58 (2 × CH2), 49.03, 43.86, 43.79, 38.41, 37.97, 37.15, 35.10, 27.49, 27.42, 26.02 (2 × CH2), 25.48, 24.54, 22.09, 21.86, 21.33, 20.19, 19.46, 19.13, 15.07. HRMS (ESI) calcd. for C30H50N3O [M + H]+: 468.3954, found: 468.3938.



N-[(1R,4aR,4bS,10aR)-1,4a-Dimethyl-7-(propan-2-ylidene)-1,2,3,4,4a,4b,5,6,7,9,10,10a-dodecahydrophenanthren-1-yl)-4-(dimethylamino)piperidine-1-carboxamide (8), Yield 73%, colorless oil. 1H-NMR (400 MHz, DMSO-d6) δ 6.16 (s, 1H, 14-CH), 5.38 (s, 1H, NH), 3.89 (d, J = 13.1 Hz, 2H), 2.63–2.51 (m, 3H), 2.48–2.42 (m, 1H, 12-CH2), 2.36–2.27 (m, 1H), 2.23–2.08 (m, 10H, including 2 × NCH3), 1.91–1.83 (m, 1H), 1.82–1.55 (m, 15H, including 2 × CH3), 1.31–1.17 (m, 4H), 1.14 (s, 3H), 1.10–0.99 (m, 1H), 0.69 (s, 3H). 13C-NMR (100 MHz, DMSO-d6) δ 156.53 (18-CO), 138.51 (8-C), 127.84 (13-C), 122.47 (15-C), 121.73 (14-C), 61.56, 55.83, 50.98, 49.02, 43.46, 43.35, 41.26 (2 × CH3), 38.41, 37.98, 37.16, 35.11, 27.91, 27.82, 25.48, 22.09, 21.86, 21.34, 20.20, 19.46, 19.14, 15.08. HRMS (ESI) calcd. for C27H46N3O [M + H]+: 428.3641, found: 428.3626.



N-[(1R,4aR,4bS,10aR)-1,4a-Dimethyl-7-(propan-2-ylidene)-1,2,3,4,4a,4b,5,6,7,9,10,10a-dodecahydrophenanthren-1-yl]-4-morpholinopiperidine-1-carboxamide (9), Yield 69%, colorless oil. 1H-NMR (500 MHz, DMSO-d6) δ 6.17 (s, 1H), 5.40 (s, 1H), 3.90 (d, J = 13.1 Hz, 2H), 3.55 (t, J = 4.5 Hz, 4H), 2.62–2.52 (m, 2H), 2.48–2.40 (m, 4H), 2.32 (dd, J = 14.4, 4.1 Hz, 1H), 2.27–2.22 (m, 1H), 2.19 (dd, J = 12.4, 2.4 Hz, 1H), 2.15–2.05 (m, 2H), 1.87 (t, J = 7.5 Hz, 1H), 1.83–1.55 (m, 13H, including 2 × CH3), 1.52–1.36 (m, 2H), 1.32–1.17 (m, 4H), 1.14 (s, 3H), 1.06 (td, J = 13.2, 3.8 Hz, 2H), 0.69 (s, 3H). 13C-NMR (125 MHz, DMSO-d6) δ 156.50 (18-CO), 138.47 (8-C), 127.82 (13-C), 122.39 (15-C), 121.68 (14-C), 66.53 (2 × CH2), 61.31, 55.81, 50.95, 49.30 (2 × CH2), 49.09, 43.39, 43.35, 38.39, 37.95, 37.18, 35.08, 27.76, 27.73, 25.45, 22.06, 21.83, 21.25, 20.14, 19.42, 19.10, 15.02. HRMS (ESI) calcd. for C29H48N3O2 [M + H]+: 470.37410, found: 470.37415.



1-[(1R,4aR,4bS,10aR)-1,4a-Dimethyl-7-(propan-2-ylidene)-1,2,3,4,4a,4b,5,6,7,9,10,10a-dodecahydrophenanthren-1-yl]-3-(2-hydroxyphenyl)urea (10), Yield 70%, white solid. 1H-NMR (500 MHz, CDCl3) δ 9.64 (s, 1H), 7.05–6.92 (m, 2H), 6.89–6.82 (m, 2H), 6.79 (t, J = 7.5 Hz, 1H), 6.19 (s, 1H), 5.12 (s, 1H), 2.51 (dt, J = 14.1, 4.2 Hz, 1H), 2.39–2.31 (m, 1H), 2.20–2.10 (m, 1H), 2.04–1.98 (m, 2H), 1.93–1.79 (m, 3H), 1.74 (s, 3H), 1.70 (s, 3H), 1.65 (d, J = 12.9 Hz, 1H), 1.62–1.52 (m, 2H), 1.48–1.27 (m, 4H), 1.25 (s, 3H), 1.10 (td, J = 13.2, 3.7 Hz, 1H), 0.75 (s, 3H). 13C-NMR (125 MHz, CDCl3) δ 156.69 (18-CO), 148.71, 138.30 (8-C), 128.39 (13-C), 126.76, 125.91, 123.65 (15-C), 122.53 (14-C), 122.37, 120.62, 119.10, 57.73, 51.46, 51.43, 38.98, 38.33, 38.03, 35.68, 25.96, 22.63, 22.50, 21.59, 20.49, 19.83, 19.51, 15.42. HRMS (ESI) calcd. for C26H37N2O [M + H]+: 409.28495, found: 409.28506.



1-[2-(1H-Indol-3-yl)ethyl)-3-((1R,4aR,4bS,10aR)-1,4a-dimethyl-7-(propan-2-ylidene)-1,2,3,4,4a,4b,5,6,7,9,10,10a-dodecahydrophenanthren-1-yl)urea (11), Yield 89%, white solid. 1H-NMR (500 MHz, CDCl3) δ 8.34 (s, 1H), 7.59 (d, J = 7.9 Hz, 1H), 7.36 (d, J = 8.1 Hz, 1H), 7.19 (t, J = 7.4 Hz, 1H), 7.11 (t, J = 7.5 Hz, 1H), 6.99 (d, J = 2.4 Hz, 1H), 6.19 (s, 1H), 4.33 (s, 1H), 4.05 (d, J = 2.8 Hz, 1H), 3.43 (q, J = 6.2 Hz, 2H), 2.92 (t, J = 6.7 Hz, 2H), 2.51 (dt, J = 14.3, 4.3 Hz, 1H), 2.39–2.31 (m, 1H), 2.17 (t, J = 14.8 Hz, 1H), 2.04 (td, J = 13.6, 13.1, 4.0 Hz, 1H), 1.97–1.80 (m, 4H), 1.76 (s, 3H), 1.70 (s, 3H), 1.64 (d, J = 13.1 Hz, 1H), 1.55 (ddd, J = 17.0, 9.8, 4.3 Hz, 2H), 1.47–1.21 (m, 4H), 1.15 (s, 3H) 1.14–1.06 (m, 1H), 0.73 (s, 3H). 13C-NMR (125 MHz, CDCl3) δ 157.26, 138.75, 136.56, 128.48, 127.62, 123.46, 122.37, 122.23, 122.17, 119.54, 118.91, 113.45, 111.43, 56.63, 51.45, 51.25, 40.97, 38.97, 38.44, 38.19, 35.78, 26.17, 26.01, 22.65, 22.39, 22.02, 20.48, 19.82, 19.65, 15.43. HRMS (ESI) calcd. for C30H42N3O [M + H]+: 460.33279, found: 460.33439.




4. Conclusions


In summary, by application of Curtius rearrangement reaction, we designed and synthesized eleven new ureido derivatives of neoabietic acid. The general protocol was to obtain the isocyanate intermediate at first, then without isolation, it was then reacted with amine in a one-pot model. The reaction works smoothly to a broad range of aliphatic primary and secondary amine but is unfavorable to aromatic amines with electron-withdrawing groups. More ureido derivatives of neoabietic acid are under preparation and their biological activities will be reported in due course.
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Figure 1. Structure of representative resin acids. 
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Scheme 1. Synthesis of ureido derivatives of neoabietic acid. Reagents and condition: (a): DPPA, triethylamine, toluene, 110 °C, 2–4 h; (b) amine, toluene, 80 °C, 4–10 h. 
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