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Summary The synthesis of N-protected L-amino acid (3-benzylquinoxalin-2-yl) hydrazide derivatives is reported here. 3Benzyl-2-hydrazinoquinoxaline was prepared and then coupled with N-Boc-L-amino acids including; Alanine, Valine, Leucine, Phenylalanine, Tyrosine, Serine and Proline in the presence of HBTU as a coupling reagent to provide the expected product with high yield and purity. The products were deprotected by p-toluenesulphonic acid in acetonitrile and then the tosylate salts were evaluated for antibacterial and antifungal activity. Abbreviations: HBTU, N-[(1H-benzotriazol-1-yl)(dimethylamino)methylene]-N-methylmethanaminium hexafluorophosphate N-oxide; Boc, t-butyloxycarbonyl; DIEA, diisopropylethylamine; DMF, N,Ndimethylformamide; PTSA, p-toluenesulphonic acid; TEA, triethyl amine. Amino acids are abbreviated and designated following the rules of the IUPAC-IUB Commission of Biochemical Nomenclature (J. Biol. Chem., 247 (1972) 977). Introduction Amino acids have proven to play a significant role in the synthesis of novel drug candidates with the use of non-proteinogenic and unnatural amino acids becoming increasing important [1–8]. In view of this and the biological activities displayed by many quinoxaline derivatives including antibiotic [9–13] and antifungal property [14], we have directed our search on the synthesis of quinoxaline derivatives carrying Lamino acids moities to evaluate the effect of different amino acids on the antifungal activity of 3-benzyl-2hydrazinoquinoxaline, which itself showed moderate antibiotic activity [14, 15].



Material and methods N-Boc-L-amino acids were purchased from Sigma. All reagents and solvents used were analytical grade.



3-Benzyl-2-hydrazinoquinoxaline used here was prepared as reported previously [15]. The purity of compounds were established by Jasco analytical HPLC, with two solvent delivery pumps (model Jasco PU 1580), and spherisob-100DS column (5 µm, 25 cm × 4.6 mm), manual injector, a veriable wavelength detector (model Jasco-mD 1510). The elution in HPLC chromatography was performed under gradient conditions using CH3 OH/H2 O (70/30) in 35 min. TLC solvent systems used were chloroform/methanol 98:2 (V/V)-ethyl acetate/hexane 70:30 (V/V). Elemental analysis, 1 H- and 13 C-NMR identified the products. Melting points were determined on Melt-Temp II and are uncorrected. UV spectra were taken in methanol at concentration of 10−4 M l−1 and 13 C- and 1 H NMR in DMSO-d on Brucker 300 MHz. 6 All commercial products were used without further purification. For biologically active test, disc diffusion method was applied in DMSO. Six tests organism were used. Gram +ve bacteria (Bacillus subtilis NCIB



50 3610 and Staphylococcus aureus ATCC 6538), Gram –ve bacteria (Escherichia coli NCIB 9132, Pserdemonas aeruginosa and Serratia marcescens ‘clinical isolate’ and yeast fungs).



Anal. Calcd. (Found) For C25 H31 N5 O3 : C, 66.79 (67.10); H, 6.95 (6.73); N, 15.58 (15.98).



General method for preparation of N-Boc-L-amino acid(3-benzylquinoxalin-2-yl) hydrazide derivatives 3



Obtained as yellow crystals from benzene/hexane; mp 95–97 ◦ C in 96.7% yield. 1 H NMR (DMSO-d6): δ 0.96 (d, 3H), 1.00 (d, 3H), 1.41 (s, 9H), 1.55 (m, 1H), 1.75 (m, 1H), 1.88 (m, 1H), 4.21 (m, 1H), 4.30 (d, 1H), 4.40 (d, 1H), 6.92 (d, 1H, D2 O exchangeable signal), 7.22–7.82 (2m, 9H), 9.25 (brs, 1H, D2 O exchangeable signal), 9.98 (brs, 1H, D2 O exchangeable signal). 13 C NMR (DMSO-d ): δ 21.95, 22.89, 24.10, 28.21, 6 39.48, 41.06, 51.48, 77.86, 124.00, 125.00, 126.29, 127.97, 128.21, 129.04, 129.16, 137.34, 140.00, 145.00, 150.00, 155.14, 172.38. UV: λmax (abs.) 346 (0.669), 304 (0.277), 244 (1.982), 221.5 (1.163), 216.5 (1.217). MS (EI) 464 (M+. ), 364. Anal. Calcd. (Found) For C26 H33 N5 O3 : C, 67.36 (67.78); H, 7.17 (6.91); N, 15.11 (15.54).



A stirred solution of N-Boc-L-amino acid (1 mmol) and triethylamine (1 mmol, 0.14 ml) and HBTU (1 mmol, 0.37 g) in DMF (2 ml) was kept at 0 ◦ C for 1 min. It was then treated with a solution of 2 (1 mmol, 0.25 g) in DMF (2 ml) and triethylamine (1 mmol). The reaction mixture was left at 0 ◦ C for 1 h and then at room temperature overnight (TLC showed almost complete reaction within 3 h). The reaction mixture was then poured onto water (50 ml) and the product 3 that precipitated out was filtered off, washed with 5% citric acid, 10% sodium bicarbonate and water. The crude product was recrystallized from the indicated solvent. Boc-Alanyl(3-benzylquinoxalin-2-yl) hydrazide 3a Obtained as yellow crystals from benzene/hexane; mp 130–132 ◦ C in 81% yield. 1 H NMR (DMSO-d6): δ 1.39 (brs, 12H), 4.16 (m, 1H), 4.26 (d, 1H), 4.35 (d, 1H), 6.83 (d, 1H, D2 O exchangeable signal), 7.16– 7.78 (2m, 9H), 9.25 (brs, 1H, D2 O exchangeable signal), 9.75 (brs, 1H, D2 O exchangeable signal). 13 C NMR (DMSO-d ): δ 18.23, 28.09, 39.20, 6 49.80, 77.87, 124.58, 125.53, 126.16, 127.81, 128.08, 128.89, 128.99, 137.25, 147.00, 150.00, 152.55, 172.25 ppm. MS (EI) 422 (M+. ), 321. Anal. Calcd. (Found) For C23 H27 N5 O3 : C, 65.64 (65.91); H, 6.46 (6.28); N, 16.62 (16.91). Boc-valyl(3-benzylquinoxalin-2-yl) hydrazide 3b Obtained as yellow crystals from benzene/hexane; mp 70–72 ◦ C in 95% yield. 1 H NMR (DMSO-d6): δ 1.03 (d, 3H), 1.14 (d, 3H), 1.42 (s, 9H), 2.13 (m, 1H), 4.02 (m, 1H), 4.31 (d, 1H), 4.40 (d, 1H), 6.68 (d, 1H, D2 O exchangeable signal), 7.22–7.84 (3m, 9H), 9.21 (s, 1H, D2 O exchangeable signal), 9.99 (s, 1H, D2 O exchangeable signal). 13 C NMR (DMSO-d6): δ 18.30, 19.33, 28.19, 30.57, 39.52, 58.32, 77.94, 124.90, 125.63, 126.31, 127.97, 128.23, 129.02, 129.18, 137.05, 137.32, 140.17, 146.49, 150.20, 155.34, 171.12. UV: λmax (abs.) 346 (0.563), 245 (1.754), 216.5 (1.157), 305 (0.258), 222 (1.063). MS (EI) 452 (M+. +2), 349.



Boc-Leucyl(3-benzylquinoxalin-2-yl) hydrazide 3c



Boc-Phenylalanyl(3-benzylquinoxalin-2-yl) hydrazide 3d Obtained as yellow crystals from benzene/hexane; mp 143–145 ◦ C in 95.6% yield. 1 H NMR (DMSO-d6): δ 1.33 (s, 9H), 2.94 (m, 1H), 3.36 (m, 1H), 4.18 (brs, 1H), 4.29 (d, 1H), 4.34 (d, 1H), 6.99 (d, 1H, D2 O exchangeable signal), 7.25–8.69 (5m, 14H), 9.32 (brs, 1H, D2 O exchangeable signal), 10.14 (brs, 1H, D2 O exchangeable signal). 13 C NMR (DMSO-d6 ): δ 28.11, 37.51, 38.56, 54.66, 77.91, 124.91, 125.80, 126.13, 126.29, 128.00, 128.20, 128.40, 128.82, 129.02, 129.15, 129.23, 137.26, 138.43, 140.09, 146.56, 150.12, 155.22, 172.07. UV: λmax (abs.) 346 (0656), 305 (0.289), 249.5 (1.977). MS (EI) 499 (M+. + 1), 398. Anal. Calcd. (Found) For C29 H31 N5 O3 : C, 70.00 (70.38); H, 6.28 (6.01); N, 14.07 (14.54). Boc-(o-benzyl)-Tyrosyl(3-benzyl quinoxalin-2-yl) hydrazide 3e Obtained as yellow crystals from benzene/hexane; mp 140 ◦ C in 93.7% yield. 1 H NMR (DMSO-d6): δ 1.32 (s, 9H), 2.86 (m, 1H), 3.36 (m, 1H + n H2 O of crystallization), 4.20 (brs, 1H), 4.34 (d, 1H), 4.39 (d, 1H), 5.07 (s, 2H), 6.93–8.63 (5m, 19H, 1H is D2 O exchangeable), 9.27 (s, 1H, D2 O exchangeable), 10.08 (s, 1H, D2 O exchangeable). 13 C NMR (DMSO-d6): δ 28.09, 36.68, 39.10, 54.83, 69.14, 77.88, 114.37, 124.85, 125.75, 126.24, 127.43, 127.60, 127.89,



51 128.15, 128.26, 128.76, 128.98, 130.01, 130.23, 130.51, 137.02, 137.19, 140.07, 146.51, 150.08, 155.18, 156.89, 172.00. 13 C NMR (DEPT-135): δ 28.54 (+), 36.95 (–), 38.92 (–), 55.42 (+), 69.47 (–), 114.75 (+), 125.34 (+), 126.20 (+), 126.73 (+), 127.98 (+), 128.11 (+), 128.35 (+), 128.64 (+), 128.76 (+), 129.43 (+), 129.61 (+), 130.45 (+), 130.68 (+). UV: λmax (abs.) 340 (0721), 305 (0.360), 244 (2.266). MS (EI) 605 (M+. + 1), 504. Anal. Calcd. (Found) For C36 H37 N5 O4 : C, 71.62 (71.91); H, 6.18 (5.98); N, 11.60 (12.01). Boc-(o-benzyl)-Seryl(3-benzyl quinoxalin-2-yl) hydrazide 3f Obtained as yellow crystals from benzene/hexane; mp 60–62. ◦ C in 96.2% yield. 1 H NMR (DMSO-d6): δ 1.41 (s, 9H), 3.65 (dd, 1H), 3.93 (d, 1H), 4.32 (2d, 2H), 4.46 (m, 1H), 4.58 (2d, 2H), 6.92 (d, 1H, D2 O exchangeable signal), 7.25–8.13 (3m, 14H), 9.24 (brs, 1H, D2 O exchangeable signal), 10.02 (brs, 1H, D2 O exchangeable signal). 13 C NMR (DMSO-d6): δ 28.11, 39.20, 53.47, 69.87, 72.10, 78.08, 124.84, 125.73, 126.21, 127.34, 127.53, 127.82, 128.10, 128.12, 128.77, 128.94, 136.97, 137.22, 138.14, 139.94, 146.45, 149.82, 155.13, 169.88. UV: λmax (abs.) 341 (0664), 305 (0.315), 246.5 (2.035), 221 (1.225), 217.5 (1.265). MS (EI) 528 (M+. ), 422. Anal. Calcd. (Found) For C30 H33 N5 O4 : C, 68.29 (68.61); H, 6.30 (6.53); N, 13.27 (13.69). Boc-Prolyl (3-benzylquinoxalin-2-yl) hydrazide 3g Synthesized according to the general procedure for 3 , starting from N-Boc L-proline. Pure 3g was obtained as yellow crystals from benzene/hexane; mp 105 ◦ C in 90% yield. 1 H NMR (DMSO-d6 ): δ 1.2 (m, 1H), 1.39 (s, 9H), 2.25, 2.49 (2m, 3H), 3.29 (m, 3H), 4.36 (m, 2H), 7.06 (d, 1H, D2 O exchangeable signal), 7.10–7.95 (3m, 5H), 9.25 (brs, 1H, D2 O exchangeable signal), 9.84 (brs, 1H, D2 O exchangeable signal). 13 C NMR (DMSO-d ): δ 22.83, 23.62, 27.88, 6 29.93, 30.98, 38.43, 46.33, 58.55, 78.44, 122.17, 124.73, 125.56, 126.20, 127.85, 128.11, 128.75, 128.94, 130.91, 136.91, 146.53, 150.12, 153.49, 172.08. UV: λmax (abs.) 339.5 (0.642), 302.5 (0.294), 244.5 (1.981), 221.5 (1.161), 216.5 (1.211). MS (EI) 450 (M+. + 2), 351. Anal. Calcd. (Found) For C25 H29 N5 O3 : C, 67.09 (67.21); H, 6.53 (6.51); N, 15.65 (15.96).



Deblocking of Boc p-Toluenesulphonic acid (1.5 mmol) was added to a solution of N-Boc-L-amino acid (3-benzyl2-hydrazino quinoxaline) hydrazide derivatives 3 (0.5 mmol) in acetonitrile (5 ml). The reaction mixture was stirred at room temperature for 3 h. The product that precipitated out was filtered off and recrystallized from ethanol/ether. Valyl(3-benzylquinoxalin-2-yl) hydrazide p-toluenesulphonate salt 4b It was recrystallized from ethanol/ether; mp 165– 167 ◦ C in 85.6% yield. 1 H NMR (DMSO-d6): δ 1.14 (dd, 6H), 2.15 (m, 1H), 2.40 (s, 3H), 4.03 (m, 1H), 4.40 (d, 2H), 6.8–8.2 (3m, 17H, 3 D2 O exchangeable signals), 10.21 (s, 1H, D2 O exchangeable signal). 13 C NMR (DMSO-d6 ): δ 12.4, 19.5, 31.2, 39.3, 51.1, 52.6, 77.9, 124.9, 125.8, 126.5, 127.9, 128.3, 129.2, 137.0, 137.5, 140.1, 144.8, 146.6, 150.2, 155.1, 155.8, 168.1, 172.1. Anal. Calcd. (Found) For C27 H31 N5 O4 S: C, 62.17 (62.48), H, 5.99 (5.63), N, 13.43 (13.81), S, 6.15 (6.66). Leucyl(3-benzylquinoxalin-2-yl) hydrazide p-toluenesulphonate salt 4c It was recrystallized from ethanol/ether, mp 172– 174 ◦ C in 83.5% yield. 1 H NMR (DMSO-d6): δ 0.95 (d, 3H), 1.02 (d, 3H), 1.58 (m, 1H), 1.82 (2m, 2H), 2.08 (s, 3H), 4.30 (m, 1H), 4.40 (dd, 2H), 7.10–7.90 (3m, 17 H, 3 D2 O exchangeable signals), 10.10 (brs, 1H, D2 O exchangeable signal). 13 C NMR (DMSOd6 ): δ 22.1, 22.6, 24.3, 39.6, 41.1, 52.1, 52.8, 77.9, 124.3, 125.1, 127.1, 128.2, 128.5, 129.3, 129.5, 130.6, 134.1, 137.5, 140.0, 145.2, 148.1, 150.2, 155.3, 171.9. Anal. Calcd. (Found) For C28 H33 N5 O4 S: C, 62.78 (63.12), H, 6.20 (6.44), N, 13.07 (13.81); S, 5.99 (6.51). Phenylalaninyl(3-benzylquinoxalin-2-yl) hydrazide p-toluenesulphonate salt 4d It was recrystallized from ethanol/ether, mp 137– 138 ◦ C (decomp.) in 83.5% yield 1 H NMR (DMSOd6 ): δ 2.27 (s, 3H), 3.15 (dd, 1H), 3.46 (dd, 1H), 4.31 (m, 1H), 4.45 (s, 2H), 4.65 (brs, 1H D2 O exchangeable), 7.10–8.62 (4m, H), 10.16 (s, 1H D2 O exchangeable), 10.64 (s, 1H, D2 O exchangeable). 13 C NMR (DMSO-d6 ): δ 20.73, 37.09, 39.10, 52.64,



52 Table 1. Results of antimicrobial activity showing the inhibition zones in mm Compounds No.



B. subtilis



S. aureus



E. coli



P. aeruginosa



S. marcescens



C. albicans



2 5g 3f 4b 5e 4e 4d PTSA



12 20 11 13 – – 18 –



7 18 – – – – 16 –



13 – – 12 – – – –



15 – – 14 – – – –



11 – – 12 12 12 – –



– – – 16 – – – –



124.35, 125.48, 126.41, 127.20, 128.12, 128.55, 129.69, 130.69, 134.82, 136.53, 137.11, 138.10, 144.95, 147.81, 148.52, 168.00. Anal. Calcd. (Found) For C31 H31 N5 O4 S: C, 65.36 (65.65); H; 5.48 (5.12), N, 12.29 (12.78); S, 5.63 (5.99).



D2 O exchangeable). 13 C NMR (DMSO-d6 ): δ 25.68, 30.53, 39.10, 46.92, 59.63, 124.80, 125.52, 126.35, 128.00, 128.27, 128.89, 129.12, 129.20, 130.20, 131.04, 136.91, 137.36, 173.82. Anal. Calcd. (Found) For C20 H23 N5 O: C, 68.75 (68.21), H, 6.63 (6.53), N, 20.05 (20.04).



(o-Benzyl) tyrosyl (3-benzylquinoxalin-2-yl) hydrazide p-toluene sulphonate salt 4e



Biological method



It was recrystallized from ethanol/ether, mp 172 ◦ C (decomp.) in 81.5% yield. 1 H NMR (DMSO-d6): δ 2.27(s, 3 H), 3.08 (dd, 1H), 3.38 (d, 1H), 4.17 (brs, 1H), 4.35 (s, 2H), 5.07 (s, 2H), 6.81–8.19 (6m, 22H and 3H D2 O exchangeable), 10.14 (s, 1H D2 O exchangeable), 10.58 (s, 1H D2 O exchangeable). 13 C NMR (DMSO-d6): δ 20.79, 39.10, 51.00, 52.84, 69.24,114.60, 114.95, 125.14, 125.53, 126.44, 126.94, 127.61, 127.83, 128.12, 128.32, 128.44,128.83, 129.11, 129.46, 130.66, 136.74, 137.17, 137.26, 137.87, 138.95, 145.37, 147.58, 148.81, 157.75, 167.80. Anal. Calcd. (Found) For C38 H37 N5 O5 S: C, 67.54 (68.03), H, 5.52 (5.91), N, 10.36 (10.78); S, 4.74 (5.10). Prolinyl(3-benzylquinoxalin-2-yl) hydrazide 5g It was prepared according to the general procedure above. No precipitation took place, thus the reaction mixture was neutralized with sat. solution of NaHCO3 and extracted with methylene chloride. The organic layer was dried over anhydrous magnesium sulfate, filtered and evaporated to give 4c with mp 135–137 ◦ C in 78.9% yield. 1 H NMR (DMSO-d6): δ 1.72, 1.97 (2m, 4H), 2.87 (m, 1H), 2.96 (m, 1H), 3.73 (t, 1H), 4.31 (s, 2H), 7.18–8.89 (m, d, t, d, d, d, 9H and 3H



Disc diffusion method was applied. All compounds were dissolved in DMSO at concentration of 1 mg/ml. The suitable medium (nutrient agar for bacteria and Sabouraud agar for fungi) was incoulated with the test organism. A volume of the solution of each of the teste compounds equivalent to 100 µg was placed separately in cups (8 mm in diameter, 5 mm in height), cut in the agar. The plates were incubated at 37 ◦ C for 18–24 h for bacteria, and 48 h for yeast fungi (C. albicans), and the resulting inhibition zones were measured (Table 1). Six test organisms were used, Gram +ve bacteria were (Bacillus subtilis NCIB 3610 and Staphyococcus aureus ATCC 6538), Gram –ve bacteria were (Echrischia coli NCIB 9132, Pseudomonas aeruginosa and Serratia marcescens ‘clinical isolate’) and the yeast fungs Candida albicans CBS 562. Every reading is an average of three replica. DMSO as well as PTSA exhibit no antimicrobial activity against the test organism.



Results and discussion The preparation of 3-benzyl-2-hydrazinoquinoxaline 2 in high yield via the 3-benzyl-2-chloroquinoxaline 1 has been reported, which itself showed moderate antibiotic activities [15]. Thus, 3-benzyl-2hydrazinoquinoxaline 2 was coupled with various N-
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Scheme 1.



Boc-L-amino acids in DMF in the presence of triethylamine (TEA) and HBTU as a coupling reagent at 0 ◦ C afforded the hydrazide derivatives 3 in 80– 95% yield. Deprotection of Boc from compounds 3b, 3c, 3d, 3e and 3g was carried out by treatment with p-toluenesulphonic acid in acetonitrile (3 equiv.) led to their corresponding tosylate salts 4 in good yields. However, the tosylate salt 4g was found to be air and moisture sensitive and has to be neutralized by sodium bicarbonate solution and extracted by methylene chloride to 5g (Scheme 1). In all cases the course of the reaction was followed by TLC and the purity of the hydrazide derivatives were evaluated by analytical HPLC. UV, 1 H-NMR and 13 C-NMR spectra further supported the structure of Boc-amino acid hydrazide derivatives. Six test organisms representing different groups of microorganisms were used to evaluate the bioactivity of the tested compounds and evaluate the effect of amino acid derivatives on the bioactivity of 2. Only six from the above compounds were found to exhibit antimicrobial activity (Table 1). General anti-Gram



+ve activity was found to be restricted for the derivatives containing any phenyalanine with the tosylate salt 4d and proline derivative 5g with no activity against Gram –ve. The bioactivity of compound 2 against Gram +ve was increased in the presence of amino acid such as valine derivative 4b which could inhibit the growth of all organism except S. Aureus showing a broad spectrum for the antibiotic activity in addtition the only active compound against E. coli and P. Aeruginosa with more or equal activity with respect to compound 2. Compounds 4d and 5g were active against Gram +ve bacteria only, While compound 3f was active against one of the two Gram +ve and C. albicans. Compounds 5e and 4e were active only against S. marcescens with equal inhibition zone diameters.



Conclusions The hydrazinoquinoxaline moiety has been used as synthetic key for synthesis of several biologically active compounds. In addition, our research is focused on



54 the preparation of amino acids hydrazides carrying the quinoxalines moiety to study their hydrolysis against various enzymes possibly upon anchoring biological active peptides, to investigate whether the biological effect attached to quinoxaline is enhanced.
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