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 Chapter II
 Experimental
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 Experimental Methods
 Thin Layer chromatography
 Completion of Reaction was checked by thin-layer chromatography on Precoated
 silica gel GF plates from Merck. The following solvent systems were used as mobile
 phase
 1. n-Hexane: Ethyl acetate (1:1) for Acid chlorides
 2. EtOH : H2O : n-BuOH : 28%NH3 soln (2:2:1:1)
 3. MeOH: n-Butanol: Acetic acid: H2O: Isopropyl ether: Ethyl acetate
 (2:4:4:1:1:2)
 Ninhydrin solution was (1gm in 50ml acetone) used to spray TLC plate and plate was
 dried at 80°C for 5min. Violet colored spots of Arginine and Brown spots of
 derivatives were detected on exposure to iodine vapors in a tightly closed chamber.
 Instruments
 Melting Points of the synthesized compounds were determined in open capillary tube
 using Veego Melting Point apparatus.
 pH was determined on Elico pH meter.
 Assay of acid chlorides was determined by GC (‘Shimadzu’ Instrument Model No.
 GC-2014), GC conditions
 Injection Mode : Split
 Temperature : 250°C
 Carrier Gas : N2/Air
 Flow Control Mode : Pressure
 Split Ratio : 24 : 1
 [Column Oven]
 Initial Temperature : 100 °C
 Total Program Time : 25 min
 [Column Information]
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 Column Name : DB 17
 Film Thickness : 0.25 um
 Column Length : 30 m
 Inner Diameter : 0.32 mm ID
 Column Max Temp : 280°C
 [Detector Channel 1 DFID 1]
 Temperature : 280°C
 Sample Preparation : 10% solution in Ethylene dichloride
 Nuclear Magnetic Resonance (1H NMR) and all the NMR measurements were
 performed with Bruker, Avance 300 spectrometer model at 300MHz in a 5mm direct
 probe (BBO BB-1H) using CDCl3 and DMSO as solvents.
 Mass Spectroscopy with fast atom bombardment (FAB) was carried out with VG-
 QUATTRO from Fisons Instrument.
 Determination of Surface Tension
 The stalagmometric method is one of the most common methods for measuring
 surface tension. Stalagmometer is a glass tube, widened in the middle part (Fig. 8).
 Its volume is calibrated by the scale shown on the tube, or by the top and bottom
 lines.
 Fig. 8 Stalagmometer with a calibrating scale
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 The bottom part of stalagmometer is modified such that the liquid flowing through its
 smaller diameter forms the drops. It works by measuring the weight of the drops of
 the fluid falling from the capillary glass tube shown in Fig. 8 and then calculates the
 surface tension of the specific fluid of our interest. The weight of each drop of the
 liquid can be determined by counting the number of the drops falling out. From this
 the surface tension can be calculated. Water/surfactant solutions of different
 concentrations were prepared and allowed to equilibrate at 25°C between 4 and 10 hr.
 Antimicrobial Activity
 In order to study the effects of the introduction of the arginine amino acid on the
 antimicrobial properties, compounds were evaluated against Gram positive and Gram
 negative bacteria by determining their Minimum Inhibitory Concentration (MIC)
 values. MIC of molecule is defined as the lowest concentration of antimicrobial agent
 that inhibits the development of visible micro-organism growth after incubation at
 32°C for 48 hrs and fungal growth at 25°C for 4 days by Broth Dilution method.
 Sample preparation was done by simply mixing 1ml of the 1% solution in DMSO
 with 9ml of broth Tryptic Soy Broth (1000ppm solution). This stock solution was a
 clear solution. From the above stock solution 1ml was added to each of 12
 consecutive sterile 13mm tubes containing 1ml TSB. Each tube is vortexed and
 aseptic transfer to give the concentration range of 0.25 to 500ppm. Each culture is
 grown in TSB>24hrs<48hrs at 32°C. The culture is diluted to 10,000 cfu/ml and 10 µl
 of this is added to each tube. Negative controls (NC) TSB confirm sterility of the
 TSB, Positive controls (PC) for each culture confirm organism capable of growth in
 the TSB. The antimicrobial activity of all synthesized compounds has been
 established by estimating their corresponding MIC values (in ppm) against Gram-
 positive and Gram-negative bacteria.
 The following micro-organisms are used :
 Gram-positive Bacteria: Staphylococcus Aureus ATCC 6538, Listeria Monocyt. ATCC
 751
 Gram-negative bacteria: Escherichia Coli ATCC 8739, Salmonella spp. ATCC 10708
 Yeast: Candida albicans ATCC 10231
 Moulds: Aspergillus niger ATCC 46604
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 in vitro Cytotoxicity test
 Test for cytotoxicity are designed to determine the biological response of mammalian
 cells to the test material/ Extract of test material. At the end of the exposure time, the
 evaluation of the presence and the extent of cytotoxic effect are assessed. It signifies
 Biological compatibility of the test material and its potential to cause cell damage.
 Cell line of L929- Mouse Connective tissue is used for assay determination.
 Assay Principle:
 MTT (4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide Cytotoxicity assay.
 Test procedure is based on measurement of viability metabolic activity. Yellow water
 soluble MTT is metabolically reduced in viable cells to a blue insoluble Formazan.
 The number of viable cells co-relates to the colour intensity determined by
 photometric measurement after dissolving the formazan in DMSO. The following
 parameters are used during performing analysis
 Cell Culture Medium : Complete MEM medium with 10% FBS
 Positive control : 0.001% SDS (Sodium Dodecyl sulfate) solution
 Medium Control/ Blank : Complete MEM medium with 10% FBS
 Diluent : Complete MEM medium
 Assay Procedure
 L929 cells seeded in 96 well plates at a concentration of 10,000 cells per 100 µl of
 MEM culture medium per well were maintained in culture for 24 hours to form a semi
 confluent layer and were exposed to the test material over a range of concentration.
 After 24 hours exposure, Formazan formation is determined for treatment
 concentration and compared to that determined in growth control. For each treatment
 the percentage inhibition of growth is calculated by Viability of cells as per formula-
 Viability Percentage = 100 x (ODex / ODbl). Where ODex and ODbl are optical
 densities of extract and the blank at 570 nm
 Evaluation Criteria: The lower the viability percentage value, the higher the cytotoxic
 potential.
 The percentage viability of 100% test sample is ≥ 70%, it is non cytotoxic.
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 Synthesis
 General reagents
 L-Arginine, L-Leucine and L-Lysine monohydrochloride were purchased from
 Ajinomoto Co., Octanoic acid, Nonanoic acid, Myristic acid, Palmitic acid, Oleic acid
 were received from Sigma-Aldrich. Lauroyl Chloride, LAE.HCl (N-α-Lauroyl
 arginine ethyl ester Hydrochloride) and Sodium Dodecyl sulfate (SDS), Monolaurin
 were supplied by local supplier. General reagents were of an analytical grade and
 higher purity. Solvents used were of analytical grade or higher purity and supplied by
 Sigma-Aldrich. All fatty acid chlorides are prepared in our lab (except Lauroyl
 chloride). Amberlyst-15 Ion exchange resin was received from Rohm and Haas. Resin
 was activated before use by washing it with distilled water and finally with Methanol,
 followed by drying at 80°C fir 4 hrs.
 Synthesis of Fatty acid chlorides
 All the saturated acid chlorides were synthesized by chlorination of the corresponding
 fatty acid with thionyl chloride in Nitrogen atmosphere at 45°C for several hours or
 refluxing fatty acid in Methylene chloride as solvent using thionyl chloride.
 Synthesis of Amino acid esters
 The classical method of esterification of amino acids with methanol or ethanol
 requires dry HCl gas. Fischer, 1901, developed a method for esterification of amino
 acids by continuously passing HCl gas into suspension of amino acids in ethyl
 alcohol. The amino acids dissolve slowly with continuous passing of HCl gas forming
 a homogeneous solution. Normally, a base is added to the reaction mixture in order to
 isolate the ester hydrochlorides and further they are extracted with ether. The main
 drawback of this method is that it is an equilibrium reaction. But still can be managed
 towards formation of ester by using an excess of alcohol and removal of water formed
 in the reaction. One more disadvantage associated with this method being that the
 atmost care should be taken while handling the toxic HCl gas.
 Another chemical method, method A as described in the synthesis amino acid esters
 includes formation of acyl halides by the reaction of amino acids with thionyl chloride
 and later adding the appropriate alcohol to the acyl halide solution.
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 Though use of Lipases for esterification of acids is known for a long time, they have
 failed to esterify amino acids. A continuous investigation was done, on the
 esterification of the amino acids using enzymes and then the scientists made use of
 commercial enzyme papain successfully, for the esterification of N-protected amino
 acids. Recently, Zhao and Malhotra, 2002, used Ionic Liquid as a Green Catalyst for
 the esterification of Amino acids and many amino acids could be esterified using this
 green catalysis technique in good yields.
 Scheme 9 Synthesis of esters
 SOCl2/ HCl, R1OH
 2HCl
 EtOHdry HCl
 EtOHdry HCl
 Amberlyst 15 resin
 R1OH, conc. HCl
 CO2H
 NH2
 RCO2R1
 NH2
 R
 R = (CH2)2NHC(=NH)NH2,L-Arginine; CH(CH3)2,L-Leucine; CH2)3NH2,L-Lysine; R1 = Ethyl, Butyl
 Synthesis of N-α-Acyl L-Arginine alkyl ester compounds by Schotten Baumann
 reaction
 Schottem Baumann reaction done by Contijoch et al., 2001; Ghare 2010, for the
 preparation of Ethyl N-α-Lauroyl Arginate, was followed as reference method for the
 preparation of different N-α-Acyl L-Arginine alkyl esters, as per following scheme:
 Scheme 10 Synthesis of amides
 CO2R1
 NH2HN
 NH
 H2N
 L-Arginine alkyl ester dihydrochloride
 2HCl
 Fatty acid chloride
 20% NaOH, 10-15°C, pH 5.5-7.0CO2R1
 HNHN
 NH
 H2N
 HCl
 O
 R2
 N-alpha-Acyl-Arginine alkyl ester
 R1= ethyl, Butyl; R2 = CH3(CH2)6, Octanoic acid; CH3(CH2)7, Nonanoic acid; CH3(CH2)12, Myristic
 acid; CH3(CH2)14, Palmitic acid; CH3(CH2)7CH=CH(CH2)7, Oleic acid
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 General methods for the preparation of fatty acid chlorides
 Method A:
 In a four necked round bottom flask equipped with stirrer and thermo pocket, charged
 0.1mole of Fatty Acid at room temperature and heated to 45° C under Nitrogen
 atmosphere. To that 0.15mole of Thionyl Chloride was added over a period of 2 hour,
 then the reaction mixture was slowly heated to reflux and maintained at same
 temperature till completion of the reaction. Excess Thionyl chloride was slowly
 distilled under atmospheric pressure and acid chloride was distilled under vacuum.
 Method B:
 In a four necked round bottom flask equipped with stirrer and thermo pocket, charged
 400ml methylene chloride and 0.1mol Fatty Acid at room temperature and heated to
 reflux. Maintained at reflux for 1hr. To this hot solution slowly added 0.12mol
 Thionyl Chloride over a period of 1.5 hr, maintained at same temperature till
 completion of the reaction. Distilled out solvent completely atmospherically. Vacuum
 was applied to remove traces of Thionyl chloride and MDC. The crude Fatty acid
 chloride was obtained as oily liquid.
 The following acid chlorides are prepared using the above methods
 Octanoylchloride : Prepared by Method A described above, using Octanoic acid and
 Thionyl chloride in 89% yield. Mol.Formula C8H15ClO, Mol.Wt. 162.66, Appearance
 – Clear liquid, Distillation range - 90-100°C/ 5mm, Assay by GC - 99.75%
 Nonanoylchloride : Prepared by Method A described above, using Nonanoic acid
 and Thionyl chloride in 74% yield. Mol.Formula C9H7ClO, Mol.Wt. 176.68,
 Appearance – Clear liquid, Distillation range - 103-105°C/ 5mm, Assay by GC -
 99.38%
 Myristoylchloride: Prepared by Method A described above, using Myristic acid and
 Thionyl chloride in 72% yield. Mol.Formula C14H27ClO, Mol.Wt. 246.82,
 Appearance – Clear liquid, Distillation range - 125-130°C/ 5mm, Assay by GC -
 99.75%
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 Palmitoylchloride: Prepared by Method A described above, using Palmitic acid and
 Thionyl chloride in 80% yield. Mol.Formula C16H31ClO, Mol.Wt. 274.87,
 Appearance – Clear colorless liquid, Distillation range - 155°C/ 5mm, Assay by GC -
 99.14%
 Oleoylchloride: Prepared by Method B described above, using Oleic acid and
 Thionyl chloride in Quantitative yield. Mol.Formula C18H33ClO, Mol.Wt. 300.91,
 Appearance – Brown liquid.
 Preparation of L-Arginine hydrochloride
 Initially L-Arginine Hydrochloride is preparation started following the procedure of
 literature by Natarajan et al., 2010. Accordingly, L-arginine hydrochloride
 monohydrate was synthesized by the reaction between hydrochloric acid and L-
 arginine with molar proportions of 1:1. The required amount of hydrochloric acid was
 diluted by addition of double distilled water. To this dilute hydrochloric acid was then
 added the calculated amount of L-arginine. Initially this reaction was attempted at
 room temperature, but even after maintaining for 7-8 hrs, no conversion was
 observed. Further the reaction was continued at 40-45°C for almost 6hrs, which
 yielded some sticky material.
 Passing dry HCl to an alcoholic solution of L-Arginine for 9-10hrs at 0 to 5°C,
 showed thick white sticky solid in the reaction flask (Scheme 11). Reaction
 completion was monitored on TLC for complete conversion. Excess Alcohol was
 distilled out, to leave behind a Yellowish Sticky mass.
 Scheme 11 Preparation of L-Arginine hydrochloride
 CO2H
 NH2HN
 NH
 H2N
 L-Arginine
 EtOH, HClCO2H
 NH2HN
 NH
 H2N
 L-Arginine hydrochloride
 0 to 5°CHCl
 Addition of HCl gas at higher temperature can result in ester formation and water
 generated will attack Thionyl chloride to be used in the esterification reaction.
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 General method for the preparation of esters of amino acids
 Method A: Esterification using Thionyl chloride catalyst
 To a solution of L-Arginine HCl (0.25equivalents) in Anhydrous Ethyl alcohol
 (moisture content <0.5%) from previous step, added Thionyl chloride (1.25
 equivalents) slowly controlling exotherm. Heat was applied and reaction mixture was
 refluxed for 4-5 hours. The completion of the reaction was monitored on TLC. After
 completion of the reaction, Ethanol was continuously removed under vacuum, with
 intermediate additions of dry Ethanol. The residual mass is cooled to get crude L-
 Arginine ethyl ester dihydrochloride.
 Method B: Esterification using Dry HCl gas
 In a round flask equipped with mechanical stirrer, thermometer pocket and
 arrangement for passing HCl gas, anhydrous alcohol (moisture content <0.5%) was
 charged. To this was added L-Arginine (0.1mol) under stirring at 30-35°C. Passing of
 dry HCl gas (4.5-4.8 equivalents) started at the same temperature. The reaction mass
 became a clear solution. The Reaction mass was maintained at same temperature till
 completion of the reaction. The reaction completion was monitored on TLC. Alcohol
 was distilled out completely under vacuum to get crude L-Arginine ester
 dihydrochloride. The crude product was purified using n-Hexane.
 Method C: Esterification using Ion Exchange Resin acid catalyst
 Into a round bottom flask, anhydrous alcohol (5.3 times of Arginine) was charged at
 RT, followed by addition of L-Arginine. A dry HCl gas was slowly passed to get L-
 Arginine hydrochloride, which was indicated by formation of a clear solution.
 Amberlyst-15 Ion exchange resin (60 ml) was added to this solution and heated to
 65°C. Maintained for 2hrs and checked TLC. But no reaction observed so it was
 continued for further 15-16 hrs at the same temperature with intermittent checking on
 TLC against reference sample. The reaction mass was filtered to remove resin. Filtrate
 was distilled out completely to recover alcohol under vacuum to get crude L-Arginine
 ester dihydrochloride.
 Method D: Esterification using Conc. Hydrochloric acid catalyst
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 In a round bottom flask, Alcohol was charged followed by the addition of L-Amino
 acid free base (0.1mol) or hydrochloride under stirring. A clear solution was obtained
 after vigorous stirring. 0.1mol of Conc.HCl (33 %) was charged to the clear solution
 via addition funnel slowly controlling exotherm. The reaction temperature was raised
 by applying heat and refluxed for 4-5 hours. The reaction mass was then cooled to
 60°C and added remaining quantity (0.1mol) conc. HCl and refluxed further till the
 completion of the reaction with simultaneous removal of alcohol. Alcohol was
 distilled out completely under vacuum to get crude L-Amino acid ester
 dihydrochloride.
 The following amino acid esters were prepared using the above methods
 L-Arginine ethyl ester dihydrochloride: Prepared by all methods described above
 Mol.Formula C8H18N4O2.2HCl, Mol. Wt. 275.18. HPLC purity was 93-95%.
 Method A: Off-white sticky solid, Yield – 91%; Method B: Off-white solid, Melting
 point- 46-48°C, Yield – 71.5%; Method C: Off-white solid, Melting point- 46-48°C,
 Yield – 84%; Method D: Off-white solid, Melting point- 46-48°C, Yield 82%
 Note: as L-Arginine ethyl ester dihydrochloride is routinely being prepared in our
 laboratory, it was used for further reaction without purification. The melting point of
 the compound was good enough to take it to further reaction. In method A as well
 where solid compound was not isolated the compound was used for further reaction
 without purification.
 L-Arginine butyl ester dihydrochloride: Prepared by method D, using L-Arginine,
 n-butanol and conc. HCl in 67.4% yield. Mol.Formula C10H22N4O2.2HCl, Mol. Wt.
 303.23, Appearance- yellowish sticky mass, 1H NMR: δH (CDCl3), 0.96(t, 3H, (CH3
 alkyl chain)), 1.4-1.5 (m, 2H, (-CH2-CH3)), 1.6-1.9 (m, 4H, (-CH2CH2CH3-),(-
 CH2CH2NH-C(=NH)-NH2-) ), 1.9-2.0 (m, 3H, (-CH2-CO-NH-), (-NH-C(=NH)-
 NH2)), 3.27-3.32 (m, 2H, (-CH2NH-C(=NH)-NH2)), 4.1 (t, 1H, (-NH-CH-COO-)),
 4.815 ( m, 1H, (-CH2NH-)), 4.2-4.3 (t, 2H, (-COOCH2-))
 L-Leucine methyl ester hydrochloride: Prepared by Literature method (Dahiya,
 2007) using L-Leucine, Methanol and Thionyl chloride in 75% yield. Mol.Formula
 C7H15NO2.HCl, Mol. Wt. 181.66, Appearance-White solid, Melting point- 152-153°C
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 L-Lysine ethyl ester dihydrochloride: Prepared by method D, using L-Lysine HCl,
 anhydrous ethanol and conc. HCl in 81% yield. Mol.Formula C8H18N2O2.2HCl, Mol.
 Wt. 247.16, Appearance- Light yellowish oil
 General method for the preparation of N-α-Acyl L-Arginine alkyl ester
 compounds by Schotten Baumann reaction.
 The amino acid ester obtained in the esterification step is dissolved in water and the
 pH of the aqueous solution was adjusted to pH 5.5-7.0, particularly 6.0-7.0, by the
 adding aqueous sodium hydroxide solution dropwise. To this solution, 0.96 equivalent
 of corresponding acid chloride was added drop-wise, with simultaneous addition of
 aqueous sodium hydroxide solution maintaining pH 6.0-7.0. This pH was maintained
 until completion of the reaction to avoid the formation of impurities. The reaction
 temperature was maintained between 10-15° C. After completion of the reaction, the
 stirring is maintained for a further two hours, followed by pH adjustment of the
 reaction solution to a final value of 6.0-7.0 with either hydrochloric acid or sodium
 hydroxide. Finally, crude N-α-Acyl L-Arginine alkyl ester was obtained either by
 filtration or Ethyl acetate is added to the reaction mixture to extract the product,
 followed by distillation of solvent and chilling the concentrated reaction mixture to
 get solids or distillation in case of liquid products.
 The following acid amides were prepared using the above method
 N-α-Octanoyl-L-Arginine ethyl ester (CAE): Prepared by reaction between L-
 Arginine Et ester diHCl and Octanoyl chloride in the presence of aqueous NaOH
 (Yield 85%). Clear Yellowish oil.
 Rf: 0.68; MW 328, ESI-MS; m/z 329 (m+H); 1H NMR: δH (CDCl3), 0.89[t, 3H, (CH3
 alkyl chain)], 1.29[s, 11H, (4CH2, alkyl chain), (OCH2-CH3)], 1.5-1.7 [m, 4H, (-CH2-
 CH2-CH2-NH-)], 2.048 [s, 1H, (-CH2NH-)], 2.21-2.27 [t, 2H, (-CH2CO-)], 3.1-3.3 [m,
 1H, (-CH2NH-)], 3.5-3.7 [2H, (-CH2-CO-NH-)], 4.2 [m, 2H, (-OCH2-CH3)], 4.44 [m,
 1H, (-NH-CH-COO-), 4.815 [ m, 1H, (-CH2NH-)], 7.24-7.27 [m, 2H, (-NH-C(=NH)-
 NH2)], 8.756 [1H, (-NH-CH-COO)]
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 N-α-Nonanoyl-L-Arginine ethyl ester (NAE)– Prepared by reaction between L-
 Arginine Et ester diHCl and Nonanoyl chloride in the presence of aqueous NaOH
 (Yield 80%). Light brown sticky mass.
 Rf: 0.45; MW 342, ESI-MS; m/z 343 (m+H); 1H NMR: δH (CDCl3), 0.87[t, 3H, (CH3
 alkyl chain)], 1.27 [s, 10H, 5CH2, alkyl chain], 1.59-1.83 [m, 4H, (-CH2-CH2-CH2-
 NH-)], 2.21-2.27 [t, 2H, (-CH2-CO-NH-)], 3.087-3.292 [m, 1H, (-CH2NH-)], 3.5-3.7
 [1H, (-CH2-CO-NH-)] 4.2 [m, 1H, (-OCH2-CH3), 4.456 [m, 1H, (-NH-CH-COO-),
 7.26 [3H, (-NH-C(=NH)-NH2)], 8.958 [1H, (-NH-CH-COO)]
 N-α-Lauroyl-L-Arginine Ethyl ester (LAE) - Prepared by reaction between L-
 Arginine Et ester diHCl (prepared by method C of esterification) and Lauroyl chloride
 in the presence of aqueous NaOH (Yield 82%). White solid, melting point 57°C
 MW 384.56; 1H NMR: δH (CDCl3), 0.89[t, 3H, (CH3 alkyl chain)], 1.29[m, 18H,
 (9CH2, alkyl chain)], 1.5-1.7 [m, 4H, (-CH2-CH2-CONH-), (CH2-CH2-NH-C(=NH)-
 NH2)], 2.03 [s, 1H, (-NH-C(=NH)-NH2)], 2.26 [t, 2H, (-CH2CONH-)], 3.17-3.41 [m,
 2H, (CH2-NH-C(=NH)-NH2)]], 4.2 [m, 2H, (-OCH2-CH3)], 4.44 [1H, (-NH-CH-
 COO-), 7.09 [4H, (-NH-C(=NH)-NH2)], 7.88 [1H, (-NH-CH-COO)]
 N-α-Myristoyl-L-Arginine ethyl ester (MAE) – Prepared by reaction between L-
 Arginine Et ester diHCl and Myristoyl chloride in the presence of aqueous NaOH
 (Yield 78%). White solid, melting point- 63°C.
 Rf: 0.25; MW 412.6, ESI-MS; m/z 413.2 (m+H); 1H NMR: δH (CDCl3), 0.855-0.899
 [t, 3H, (CH3 alkyl chain)], 1.251-1.299 [m, 28H, CH2, OCH2CH3], 1.6-1.9 [m, (-CH2-
 CH2-CH2-NH-)] , 2.26-2.34 [t, 2H, (-CH2CO-)], 3.21-3.37 [m, 2H, (-CH2NH-)], 4.2
 [m, 2H, (-OCH2-CH3), 4.43 [m, 1H, (-NH-CH-COO-), 7.039 [m, 3H, C(=NH)-NH2)],
 7.22-7.26 [t, 1H, (-CH2NH-)], 7.824 [m, 1H, (-NH-CH-COO)].
 N-α-Palmitoyl-L-Arginine ethyl ester (PAE) – Prepared by reaction between L-
 Arginine Et ester diHCl and Palmitoyl chloride in the presence of aqueous NaOH
 (Yield 54%). White solid
 Rf: 0.15; MW 440.66, ESI-MS; m/z 441.20 (m+H); 1H NMR: δH (CDCl3), 0.855-
 0.899 [t, 3H, (CH3 alkyl chain)], 1.251-1.299 [m, 24H, CH2], 1.6-1.9 [m, 4H, (-CH2-
 CH2-CO-NH-), (-CH2-CH2-CH-NH-) ] , 2.26-2.4 [m, 2H, (-CH2CO-)], 3.22 [m, 1H, (-
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 CH2-C(=NH)-NH2)], 4.2 [m, 2H, (-OCH2-CH3), 4.43 [m, 1H, (-NH-CH-COO-), 7.039
 [m, 2H, C(=NH)-NH2)], 7.841 [m, 1H, (-NH-CH-COO)].
 N-α-Oleoyl-L-Arginine ethyl ester (OAE) – Prepared by reaction between L-
 Arginine Et ester diHCl and Oleoyl chloride in the presence of aqueous NaOH (Yield
 54%). Oil, MW 466.7.
 N-α-Lauroyl-L-Arginine butyl ester (LAB) – Prepared by reaction between L-
 Arginine butyl ester diHCl and Lauroyl chloride in the presence of aqueous NaOH
 (Yield 85%). White solid, melting point- 47-48°C
 MW 412.61, 1H NMR: δH (CDCl3), 0.89[q, 5H, (2CH3 alkyl chain)], 1.2-1.4[m, 18H,
 (8CH2, alkyl chain), (O(CH2)2CH2-CH3)], 1.5-1.7 [m, 6H, (-CH2-CH2-NH-CH(=NH)-
 NH2), (COOCH2CH2), (-NHCOCH2CH2)], 2.08 [t, 2H, (NHCOCH2], 3.05 [m, 2H, (-
 CH2-NH-CH(=NH)-NH2)], 4.03 [m, 2H, (COOCH2)], 7.363 [s, 2H, (-NH-C(=NH)-
 NH2)], 8.25-8.34 [1H, (-NH-CH-COO)]
 N-α-Myristoyl-L-Arginine butyl ester (MAB) – Prepared by reaction between L-
 Arginine butyl ester diHCl and Myristoyl chloride in the presence of aqueous NaOH
 (Quantitative Yield). Yellow colored sticky mass.
 MW 440.66, ESI-MS; m/z 441.33 (m+H); 1H NMR: δH (DMSO), 0.86-0.89 [t, 3H,
 (CH3 alkyl chain)], 1.21-1.3 [m, 8H, 4CH2], 1.3-1.4 [14H, 7CH2] , 1.5-1.7 [m, 4H, (-
 CH2-CH2-NH-CH(=NH)-, (COOCH2CH2), (-NHCOCH2CH2)], 2.00 [s, 8H, (-
 CH2CO-)], 3.21-3.37 [m, 2H, (-CH2NH-)], 4.2 [m, 2H, (-OCH2-CH3), 4.43 [m, 1H, (-
 NH-CH-COO-), 7.039 [m, 3H, C(=NH)-NH2)], 7.22-7.26 [t, 1H, (-CH2NH-)], 7.824
 [m, 1H, (-NH-CH-COO)].
 N-α-Palmitoyl-L-Arginine butyl ester (PAB) – Prepared by reaction between L-
 Arginine butyl ester diHCl and Palmitoyl chloride in the presence of aqueous NaOH
 (Yield 81%). Off-white solid.
 MW 468.72, ESI-MS; m/z 469.40 (m+H); 1H NMR: δH (DMSO), 0.89[q, 6H, (2CH3
 alkyl chain)], 1.2-1.4[m, 34H, (17CH2, alkyl chain), (O(CH2)2CH2-CH3)], 1.5-1.7 [m,
 6H, (-CH2-CH2-NH-CH(=NH)-NH2), (COOCH2CH2), (-NHCOCH2CH2)], 2.08 [t,
 2H, (NHCOCH2], 3.05 [m, 2H, (-CH2-NH-CH(=NH)-NH2)], 4.03 [m, 2H,
 (COOCH2)], 7.363 [s, 2H, (-NH-C(=NH)-NH2)], 8.25-8.34 [1H, (-NH-CH-COO)]
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62
 N-α-Oleoyl-L-Arginine butyl ester (OAB) – Prepared by reaction between L-
 Arginine butyl ester diHCl and Oleoyl chloride in the presence of aqueous NaOH
 (Yield 60%). Light brown oily liquid
 MW 494.75, 1H NMR: δH (DMSO), 0.855-0.899 [t, 6H, (CH3 alkyl chain)], 1.251-
 1.299 [24H, 11CH2], 1.4-1.8 [m, 6H, (-CH2-CH2-CO-NH-), (-CH2-CH2-CH-NH-),
 (COOCH2CH2 ] , 1.93-2.013 [m, 4H, (-CH2-CH=CH-CH2)], 2.07-2.18 [m, 3H, (-
 CH2CO-), (NH-C(=NH)-NH2)], 3.04-3.1[m, 2H, (-CH2-C(=NH)-NH2)], 4.01 [t, 2H, (-
 OCH2-CH3), 4.2 [t, 1H, (-NH-CH-COO-), 5.3 [ 2H, (-CH=CH-)], 7.8 [t, 1H, C(=NH)-
 NH2)], 8.23 [d, 1H, (-NH-CH-COO)].
 N-α-Lauroyl-L-Leucine methyl ester (LLuM)- Prepared by reaction between L-
 Leucine methyl ester diHCl and Lauroyl chloride in the presence of aqueous NaOH
 (Yield 60%). Oil, Mol. Wt. 327.50, 1H NMR: δH (DMSO), 0.80-0.88 (p, 9H, (CH3
 alkyl chain, 2CH3 leucine)), 1.18 (S, 16H, 9CH2), 1.45-1.63 (m, 5H, (-CH2-CH2-CO-
 NH-), (CH2-CH-(CH3)2), 1.98-2.006 (q, 2H, (-CH2-CO-NH-)), 3.59 (s, 3H,COOCH3),
 4.24-4.27 (m, 1H, (-NH-CH-COO-)), 8.13 (d, 1H, (-NH-CH-COO)
 N-α-Lauroyl-L-Lysine ethyl ester (LLE)- Prepared by reaction between L-Lysine
 ethyl ester diHCl and Lauroyl chloride in the presence of aqueous NaOH (Yield
 55%). White solid, melting point- 115°C, Mol. Wt. 356.54, 1H NMR: δH (DMSO),
 0.810-0.852 (t, 3H, (CH3 alkyl chain)), 1.21-1.272 (18H, 9CH2), 1.33-1.38 (p, 2H, (-
 CH2-CH2-CH2-NH2)) , 1.54-1.56 (m, 2H, (-CH2-CH2-CO-NH-)), 1.98-2.006 (q, 2H, (-
 CH2-CH-NH-CO)), 2.02-2.03 (m, 2H, NH2), 2.07-2.18 (m, 2H, (-CH2CO-)), 3.04-3.1
 (m, 2H, (-CH2-CH2-NH2)), 4.1 (m, 2H, (-OCH2-CH3), 8.13 (d, 1H, (-NH-CH-COO))
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63
 Spectra
 Fig. 9 1H-NMR Spectrum of L-Arginine butyl ester dihydrochloride
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64
 Fig. 10 1H-NMR Spectrum of Ethyl Octanoylarginate Hydrochloride
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 Fig.11
 Mass Spectrum of Ethyl Octanoylarginate Hydrochloride
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 Fig.12 1H-NMR Spectrum of Ethyl Nonanoylarginate Hydrochloride
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 Fig.13 Mass Spectrum of Ethyl Nonanoylarginate Hydrochloride
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 Fig.14 1H-NMR Spectrum of Ethyl Lauroylarginate Hydrochloride
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 Fig. 15 1H-NMR Spectrum of Ethyl Myristoylarginate Hydrochloride
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 Fig.16 Mass Spectrum of Ethyl Myristoylarginate Hydrochloride
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 Fig. 17 1H-NMR Spectrum of Ethyl Palmitoylarginate Hydrochloride
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 Fig.18 Mass Spectrum of Ethyl Palmitoylarginate Hydrochloride
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 Fig. 19 1H-NMR Spectrum of Butyl Lauroylarginate Hydrochloride
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 Fig. 20 1H-NMR Spectrum of Butyl Myristoylarginate Hydrochloride
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 Fig. 21 Mass Spectrum of Butyl Myristoylarginate Hydrochloride
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 Fig. 22 1H-NMR Spectrum of Butyl Palmitoylarginate Hydrochloride
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 Fig. 23 Mass Spectrum of Butyl Palmitoylrginate Hydrochloride
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78
 Fig. 24 1H-NMR Spectrum of Butyl Oleoylarginate Hydrochloride
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 Fig. 25 1H-NMR Spectrum of Methyl Lauroyl Leucinate Hydrochloride
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80
 Fig. 26 1H-NMR Spectrum of Ethyl Lauroyl Lysinate Hydrochloride
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