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Abstract:



Photolysis of Salannin (1), an important bioactive compound from Azadirachta indica A.Juss (Neem), affords Δ17-isosalanninolide (2), a hitherto unknown compound, along with isosalanninolide (3) and salanninolide (4). A probable mechanism has been suggested. While the mechanism of formation of 2 involves both a [4+2] cycloaddition and a [1,3] sigmatropic shift in the furan and D-rings, respectively, formation of 3 and 4 involves the decomposition of an ozonoide-like peroxide intermediate.
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Introduction


Neem, Azadirachta indica A. Juss (Meliaceae) seeds contain a number of complex triterpenoids which are of great interest as they exhibit a variety of biological properties [1,2,3,4]. Several of these contain UV chromophores such as α,β - unsaturated ketone, furan, α,β -unsaturated ester and tigloyl groups. The bio-efficacy of .neem formulations is altered due to degradation of the triterpenoids under light exposure [5,6]. Hence, it is relevant to study the formation, isolation and bio-activity of the products formed when pure samples of these limonoids are exposed to sunlight. Herein the photolysis of salannin, one of the major triterpenoids present in the neem seed is reported.



Irradiation of salannin (1) using a sunlamp with a wider spectrum of irradiation equivalent to exposure to sunlight yielded three compounds (Figure 1). The present paper describes the sequence of events leading to the formation of Δ17-isosalanninolide (2) and its complete characterization. It may be noted that the compound 2 exhibited antifeedancy against Spodoptera litura comparable to Azadirachtin A, the most potent antifeedant in neem extract. Compounds isosalanninolide (3) and salanninolide (4) [7] have been previously reported to be formed in the photolysis of salannin (1) using UV irradiation in presence of oxygen.


Figure 1.
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Results and Discussion


Salannin (1) isolated from seed kernel of A. indica [8,9] was irradiated using a sunlamp in benzene for eight hours. Purification of the crude product by HPLC yielded compounds 2, 3 and 4. The mechanism for the formation of 2 is envisaged as given below (Figure 2) while the mechanism for 3 and 4 is assumed to be similar to that of the the reported photooxygenation of cedrelone[10].


Figure 2.
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The formation of the intermediate 5 can be explained by: a) the addition of 1O2 to furan generating an unstable endoperoxide similar to that of Diels-Alder reaction.[11]; b) [1,3] suprafacial sigmatropic hydrogen shift resulting in the 1,2-shift of the double bond in the D-ring. Further the unstable endoperoxide functionality in compound 5 rearranges to yield hydroxy butenolide in ring E of compound 2 [12].



The structure of the compound 2 was established on the basis of the following spectral evidence. Compound 2 exhibited a λ max at 298, 227 nm (log ε 3.782, 4.395) indicating an extra conjugation, compared to salannin (1) (λ max at 225 nm, log ε 4.356). The infrared spectrum of 2 showed additional absorptions at 1708 cm-1 (α,β- unsaturated ketone) and 3376 cm-1 (hydroxyl group). The 1H- and 13C-NMR spectrum of 2 was similar to that of 1 except for changes observed in the D and furan rings. The 13C-NMR exhibited signals due to a lactone (169.2 ppm), a deoxygenated methine at 88.1 ppm (proton of which resonated at 5.52 ppm as a triplet), an allylic methylene at 31.1 ppm (attached to protons at 2.31 and 2.37 ppm as multiplets) and 4 olefinic carbons (154.0, 119.5, 130.9, 98.1) among which only the signal at 98.1 showed connectivity with a hydrogen at 5.92 ppm (as a singlet). The changes observed in the olefinic region indicated that the double bond between C-13 and C-14 has now been reorganized to C-13 and C-17 and is in conjugation with C-20, C-22 which lie in the same plane. The D2O exchanged 1H-NMR spectrum revealed the presence of a -OH at 5.93 ppm, The structure assigned was further supported by the mass spectra of 2 which showed a M+ at m/z 628.



It must be noted that though salannin 1, the major constituent in neem formulations, did not exhibit significant antifeedant activity against Spodoptera litura, its photoproduct 2 exhibits remarkable activity comparable to that of Azadirachtin A, the results of which are published elsewhere[13].
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Experimental


General


UV spectra were recorded on a Shimadzu 160A instrument. NMR spectra were recorded on a BRUKER 200 MHz instrument using TMS as the internal standard and CDCl3 as solvent. Chemical shifts are given in terms of parts per million (δ scale). LRMS were recorded on a Shimadzu QP 5000 mass spectrometer. Precoated silica gel plates (E-Merck, Germany, Art. 5554 Kieselgel 60 F254, 0.2 mm thickness) were used for thin layer chromatography. Ammonium molybdate – ceric sulphate in H2SO4 was used as the visualization agent.



Analytical high performance liquid chromatography was carried out using a C18 RP column (E-Merck, 10μm, 4.6 mm x 25 cm) eluting with CH3CN: H2O (50: 50) at a flow rate of 1 mL/min and UV detection (215 nm). For semi-preparative HPLC runs, a C18 RP column (E-Merck, 10μm, 9.6 mm x 25 cm) was used with CH3CN: H2O (50: 50) as eluant at a flow rate of 5 mL/min and the peaks were again detected at 215 nm.




Irradiation of Salannin (1).


Salannin (1) (50mg) dissolved in benzene (80mL) was irradiated with a sunlamp equipped with a cooling device (Phillips, 300W) under aerated conditions for eight hours, at the end of which complete decomposition of salannin was noted by analytical HPLC. The solvent was removed under reduced pressure and the products were purified by semi-preparative HPLC. Three major peaks eluted with retention times of 5.6, 7.4 and 15.7 min., respectively. The fractions with Rt 5.6 and 15.1min. were identified as compounds 3 (8mg) and 4 (14mg) by comparison with reported data [7]. The fraction with Rt 7.4 min yielded 2 as a white solid (12 mg) upon concentration.




Analytical and spectral data of compound 2.


Mp 114 - 116oC; UV: λ max (MeOH) / nm 298 (log ε 3.782), 227 (log ε 4.395); IR: υmax/ cm-1 3376, 2976, 2880, 1760, 1708, 1696, 1651, 1596, 1488, 1465, 1379, 1315, 1273, 1068, 1001, 969, 880, 838, 646, 611; 1H-NMR (200MHz: CDCl3; Me4Si): δH 6.93 (1H, m, 3’-H), 5.93 (1H, br s, -OH), 5.92 (1H, s, 22-H), 5.52 (1H, t, 21-H), 4.95 (1H, t, 1-H), 4.71 (1H, t, 3-H), 4.24 (1H, d, J 3.0, 7-H), 3.98 (1H, dd, J 9.4 and 3.1, 6-H), 3.79 (1H, d, J 8.9, 15-H), 3.66 (1H, d, J 7.5, 28b-H), 3.58 (1H, d, J 7.5, 28a-H), 3.52 (3H, s, COOMe), 2.68 (1H, d, J 9.1, 5-H), 2.66 (2H, m, 9-H and 14-H), 2.37 (2H, m, 11b-H and 16b-H), 2.31 (2H, m, 11a-H and 16a-H), 2.21 (2H, m, 2-H), 1.93 (3H, s, OCOMe), 1.87 (3H, s, Me), 1.81(3H, s, Me), 1.73 (3H, s, Me), 1.28 (3H, s, Me), 1.23 (3H, s, Me), 1.03 (3H, s, Me); 13C-NMR (50MHz: CDCl3; Me4Si): δC 174.19 (C-12), 170.33 (OCOMe), 169.20 (C-23), 166.54 (C-1’), 154.00 (C-13), 137.99 (C-3’), 130.85 (C-20), 128.74 (C-2’), 119.53 (C-17), 98.12 (C-22), 88.09 (C-21), 85.82 (C-7), 77.63 (C-28), 72.39 (C-6), 71.48 (C-3),71.21(C-1), 52.47 (C-15 and COOMe), 49.56 (C-8), 42.67 (C-4), 40.57 (C-10), 40.05 (C-5), 39.51 (C-9 and C-14), 31.13 (C-11and C-16), 27.28 (C-2), 20.82 (OCOMe), 19.65 (C-29), 16.79 (C-30), 14.87 (C-19), 14.43 (C-4’), 13.03 (C-18), 11.86 (C-5’). Mass spectum: m/z 628 (M+).
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