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Abstract

Extraction of oil from the seed of Blighia unijugata gave a yield of 50.82 ± 1.20 % using hexane in a soxhlet extractor. The iodine and saponification values were 67.60 ± 0.80 g iodine/100 g and 239.20 ± 1.00 mg KOH/g respectively with C18:1 being the dominant fatty acid. Unsaturated methyl esters of Blighia unijugata which had been previously subjected to urea adduct complexation was used to synthesize methyl 9, 10-dihydroxyoctadecanoate via hydroxylation in the presence of cetyltrimethylammonium permanganate (CTAP). The reaction was monitored and confirmed using FTIR and GC-MS. This study has revealed that oxidation reaction of mono unsaturated bonds using CTAP could be achieved under solvent free condition.
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Materials and method

Extraction and chemical analysis of the seed oil of Blighia unijugata
The dried seeds of Blighia unijugata were extracted with n-hexane for 10 hr using soxhlet extractor (Adewuyi et al. 2009). The oil was analyzed for iodine, saponification and free fatty acid content by method described by the Association of Official Analytical Chemist (AOAC, 1994). 
Fatty acid composition of Blighia unijugata
Fatty acid methyl esters of the oil were prepared by refluxing the sample at 70oC for 3 h in 2% sulphuric acid in methanol. The esters were extracted into ethyl acetate, washed free of acid and passed over anhydrous sodium sulphate. The ethyl acetate extracts were further concentrated using a rotary evaporator. The fatty acid composition was analyzed using an Agilent 6890 N series gas chromatography equipped with FID detector on a split injector. A fused silica capillary column (DB-225, 30 x 0.32 m i.d., J & W Scientifics, USA) was used with the injector and detector temperature maintained at 230oC and 250oC respectively. The oven temperature was programmed at 160oC for 2 min and finally increased to 230oC at 4oC/min. The carrier gas was nitrogen at a flow rate of 1.5 mL/min. The area percentages were recorded with a standard Chemstation Data System.

Urea adduct complexation reaction of Blighia unijugata methyl esters

Methyl esters (100 g) were dissolved in methanol (1000 ml) to which urea (200 g) had been added. The mixture was warmed with stirring until the whole mixture turned into a clear homogeneous solution (Christie, 1982). The solution was allowed to cool to room temperature and kept refrigerated at 5oC for 8 h. Crystals were removed by filtering through a Buchner funnel to remove the urea complexes, which were washed twice with 25 ml of methanol saturated with urea. The filtrate which is rich in unsaturated methyl esters was poured into 1% hydrochloric acid (600ml) and extracted alternatively with hexane and diethyl ether. The combined organic layers were washed with water twice (50 ml) and passed over anhydrous sodium sulphate and later concentrated using a rotary evaporator. This reaction was repeated changing the ratio of fatty acid methyl esters to urea from 1:2 to 2:1 in order to further increase the unsaturation of the methyl esters. The resulting methyl esters (BME) were then taken for the determination of the constituent fatty acids using a GC as described above. 

Preparation of cetyltrimethylammonium permanganate

This was achieved by introducing a solution of 27.0 mmol of KMnO4 (4.25 g in 25 ml distilled water) into a 250 ml two-necked round bottom flask in a water bath maintained at 8oC. After about 15 min, solution of 25.0 mmol of cetyltrimethylammonium bromide (9.10 g in 50 ml dichloromethane) was added into the flask and stirred for 4h. The organic layer was separated and the solvent recovered under reduced pressure with the crystalline cetyltrimethylammonium permanganate (purple coloured) precipitating out before the complete recovery of the solvent; it was filtered, washed with distilled water and ether and dried over P2O5 under vacuum.

Dihydroxylation of BME using cetyltrimethylammonium permanganate

The dihydroxylation was carried out in a clamped three necked round bottom flask equipped with a thermometer and a stirrer in a thermo-regulated water bath. About 2.10 g (5.2 mmol) of cetyltrimethylammonium permanganate with five drops of distilled water was introduced into the flask. About 5.0 mmol of BME was slowly added drop wise while stirring the mixture. The mixture was stirred for 1h and extracted three times with 50 ml portion of ether; this was later washed with saturated solution of NaCl, dried over Na2SO4 and concentrated on a rotary evaporator. 

Isolation of methyl 9, 10-dihydroxyoctadecanoate

The final product was separated on a 1 g scale by silica gel column chromatography using a glass column 20 cm x 2 cm OD packed with 30 g activated silica gel (60–120 mesh). Hydrocarbons and other non-polar compounds were eluted with petroleum ether (boiling point, 60-80oC). The methyl 9, 10-dihydroxyoctadecanoate were eluted using a mixture of petroleum ether - diethyl ether (40:60 v/v). The fractions were screened by TLC for the identification of the compounds isolated. The eluted spots were identified using iodine vapors. 

Trimethylsilylation derivatisation and GC-MS analysis of methyl 9, 10-dihydroxyoctadecanoate

The isolated methyl 9,10-dihydroxyoctadecanoate was derivatised and identified by GC-MS analysis using Agilent (Palo Alto, USA) 6890N gas chromatography equipped with an HP-1 MS capillary column connected to an Agilent 5973 mass spectrometer operating in the EI mode (70 ev; m/z 50-550; source temperature 230oC and quadruple temperature 150oC). Methyl 9,10-dihydroxyoctadecanoate was silylated using N,O-Bis(trimethylsilyl)trifluoroacetamide; about 13 µl/mg of N,O-Bis(trimethylsilyl)trifluoroacetamide was added to methyl 9,10-dihydroxyoctadecanoate, kept at 75oC for 60 min and thoroughly shaken. The final product was extracted in ethyl acetate and concentrated using a rotary evaporator. Structural assignments were made based on interpretation of mass spectrometric fragmentation and confirmation by comparison of retention time as well as fragmentation pattern of authentic compounds and the spectral data obtained from the Wiley and NIST libraries.

Fourier Transform Infrared (FTIR)

The FTIR spectra of the methyl esters and hydroxylated methyl esters were recorded using a Perkin Elmer FTIR system spectrum BX LR64912C. The samples were spread over NaCl cells, and their spectra were recorded in the range of 4000-400 cm-1.
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