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Abbreviations used:

HBTU: O-benzotriazole-N,N, N',N'-tetramethyluronium hexafluorophosphate

HOBT: 1-hydroxybenzotriazole

TFA: trifluoroacetic acid
Preparation of neomycin B free base: Neomycin B·3H2SO4 (20.03 g; 22.04 mmol; Sigma) was dissolved in water (30 mL) and passed through an AG 1-X8 anion exchange column in the hydroxide form under positive pressure (N2). The column was washed with water and the pH monitored to determine the complete elution of NeoB free base at which time collection was stopped and the eluate concentrated in vacuo at 40oC. The solution (~ 50 mL) was frozen at -78oC and lyophilized to obtain the final product (12.02 g; ~19.56 mmol; 89%). A test for sulfate with barium ions was negative.  N.B.: The free base forms carbamates easily upon exposure to carbon dioxide.  1H NMR (600 MHz; D2O)  5.37 (d, J = 3.6 Hz, 1H), 5.28 (d, J = 2.5 Hz, 1H), 4.87 (s, 1H), 4.34 (t, J = 5.6 Hz, 1H), 4.20 (q, J = 2.5 Hz, 1H), 4.05 (sex., J = 2.9 Hz, 1H), 3.93 (t, J = 3.1 Hz, 1H), 3.87-3.84 (m, 1H), 3.79 (dd, J1 = 3 Hz, J2 = 12.42 Hz, 1H), 3.71-3.49 (m, 6H), 3.37 (t, J = 9.2 Hz, 1H), 3.23 (t, J = 9.5 Hz, 1H), 3.18 (t, J = 9.6 Hz, 1H), 2.96-2.91 (m, 3H), 2.83-2.74 (m, 3H), 2.67-2.62 (m, 2H), 1.88-1.84 (m, 1H), 1.11 (q, J = 12.4 Hz, 1H) ppm.  13C NMR (600 MHz; D2O)  108.4, 99.3, 98.8, 84.3, 82.0, 81.5, 77.5 76.0, 75.3, 73.4, 73.1, 72.6, 71.4, 70.6, 68.5, 61.3, 55.4, 52.6, 50.3, 50.2, 41.5, 41.0, 35.4 ppm.  FT-IR (fluorolube mull) 3331, 2975 , 2931, 1690, 1518 , 1367cm-1. The proton NMR data are in reasonable agreement with the values reported in ref. 1 especially when the variation as a function of pH is taken into account (ref. 2).   Ref. 3 reports both proton and carbon NMR for the sulfate salt while ref. 4 gives nitrogen-15 NMR for the sulfate and the chloride salts as well for the free base.
Synthesis of penta-arginine neomycin B (NeoR5; Fig. S1): N--t-Boc-L-arginine hydrochloride (5.07 g; 16.3 mmol; 6.2 equivalents per amine; Sigma), HBTU (6.14 g; 16.2 mmol; 6.2 equiv. per amine; Advanced ChemTech) and HOBT (2.18 g; 16.2 mmol; 6.2 equiv. per amine; Sigma) were suspended in acetonitrile (15 mL) and water (2 mL).  The reaction mixture was treated with 2,6-lutidine (7.3 mL; 63 mmol; 24 equiv. per amine) and stirred for 15 min.  A solution of NeoB free base (0.249 g; 0.405 mmol) in 1 mL water was added giving a clear yellow solution.  Fifteen mL of 1,4-dioxane was added and the reaction mixture stirred at ~25oC for 3 days.  The volatile materials were then removed in vacuo and the remaining viscous yellow residue was treated with a 1:1 mixture of CH2Cl2/TFA (30 mL) added over 30 min keeping the temperature below 40oC.  The reaction mixture was stirred for an additional 4 h and then concentrated in vacuo prior to freezing (-20oC).  A sample of the crude material was analyzed by ESI MS to check for complete deprotection of the product. The crude material was dissolved in a minimal amount of water, precipitated with ethanol (2 volumes), and the precipitate collected by centrifugation.  The pellet was dissolved in 2-5 mL water prior to cation exchange chromatography. 

A 5-mL HiTrap SP-Sepharose HP column (GE Healthcare) was washed with 20 mL of 4 M ammonium acetate (pH 6.5) followed by 20 mL water and then loaded with crude NeoR5. When a step gradient from 0 to 4 M ammonium acetate (pH 6.5) was used, NeoR5 eluted at a concentration of about 2.3 M NH4+.  The fractions containing product were desalted twice by passing the solution through a Sephadex G-10 gel filtration column. The fractions were combined, concentrated in vacuo, frozen (-78​oC), and lyophilized to afford the product as a light pink powder (~ 80 mg).  1H NMR (D2O; 400 MHz; 35oC)  5.87 (s, 1H), 5.48 (s, 1H), 5.22 (s, 1H), 4.46 (m, 1H), 4.39 (m, 1H), 4.32 (s, 1H), 4.25-4.19 (m, 2H), 4.17-4.13 (m, 2H), 4.02-3.99 (m, 5H), 3.89 (t, J = 6.0 Hz, 3H), 3.86-3.67 (m, 5H), 3.62 (sep, J = 6.4 Hz, 3H), 3.38-3.35 (m, 10 H), 2.04 (s, 48H), 1.83-1.78 (m, 10H), 1.42 (d, J = 6.4 Hz, 10H) ppm; FT-IR (CH2Cl2) 3056 , 2985, 1673 , 1643 , 1552 , 1406, 1265 , 1045 cm-1; HRMS [ESI-Q-TOF MS] m/z calculated for C53H107N26O18 (M+H)+ 1395.8256, observed 1395.8135; Karl Fischer coulombic titration for H2O: 0.53% (0.5 equiv.);  Anal: calculated  for C53H106N26O18·11C2H4O2·0.5H2O·5NH4C2H3O2: C, 41.66; H, 7.65; N, 17.71, observed C, 41.71; H, 7.42; N, 17.53.

Figure S1 shows NeoR5 with the amino group at position 3 of ring II as unsubstituted.  This is not known for certain but it is a reasonable guess based on the markedly lower pKa (5.4-5.7) for this group (and its implied lower nucleophilicity) as compared with the other five (2,4).

Synthesis of hexa-guanidinium neomycin B (NeoG6; Fig. S2): The procedure was essentially as described elsewhere (refs. 5-7). NeoB free base (0.8029 g; 1.308 mmol) was dissolved in water (10 mL) and treated with triethylamine (4 mL; 28.7 mmol; 3.66 equiv. per amine). A solution of N,N΄-diBoc-N΄΄-triflylguanidine(ref. 5) (7 g; 18 mmol; 2.3 equiv. per amine) in acetonitrile (10 mL) was then added.  Additional acetonitrile (15 mL) was added, followed by 1,4-dioxane (20 mL).  The reaction mixture was stirred at 24oC for 8 days.  The volatile materials were then removed in vacuo and the crude mixture partioned between water (40 mL) and chloroform (40 mL). The aqueous portion was extracted with CHCl3 (3 x 40 mL) and the combined organic extracts were washed with brine, dried (MgSO4), filtered, and concentrated in vacuo. The crude residue was dissolved in 10% (v/v) ethyl acetate in hexanes and purified twice by flash column chromatography (silica gel, 200-400 mesh, gradient of 30-50% (v/v) ethyl acetate in hexanes).  The fractions containing product were combined, and the volatile materials removed to afford   NeoG6-Boc12 (291.9 mg; 0.1414 mmol; 10.8 %). 1H NMR (CDCl3, 400 MHz)  11.52 (s, 1H), 11.41-11.35 (m, 5H), 9.20 (d; J = 8.3 Hz, 1H), 8.89 (d; J = 8.2 Hz, 1H), 8.54-8.41 (m, 3H), 8.23 (d, J = 8.6 Hz, 1H), 5.50 (d, J = 3.9 Hz, 1H), 5.40 (m, 2H), 5.17 (s, 1H), 5.07 (s, 1H), 4.97 (s, 1H), 4.37-4.34 (m, 4H), 4.15-3.92 (m, 10H), 3.75-3.53 (m, 8H), 3.35-3.20 (m, 5H), 2.46 (m, 1H), 1.58-1.44 (m, 108H) ppm; FT-IR (CH2Cl2) 3327, 3054 , 2983 , 1724 , 1643 , 1616 , 1573 , 1415 , 1369, 1332 , 1265 , 1151, 1055, 1028 cm-1; ESI MS (MeOH/CH3CO2H) m/z calculated for C89H155N18O37 (M+H)+ 2069.3, observed 2068.6.

NeoG6-Boc12 (0.2133 g; 0.1033 mmol) was dissolved in CH2Cl2 (1.5 mL) and treated with TFA (1.5 mL).  The reaction mixture was stirred at 24oC for 4 hours , diluted with CH2Cl2 (1 mL), and stirred for an additional 50 minutes.  The volatile materials were removed  in vacuo to afford the product as a light creamy powder (0.160 g).  1H NMR (400 MHz; DMSO)  7.97 (s, 1H), 7.81 (s, 1H), 7.50-7.00 (m, 26H), 6.89 (m, 1H), 5.96 (s, 1H), 5.87 (s, 1H), 5.75 (s, 1H), 5.58-5.56 (m, 3H), 5.43 (s, 1H), 5.06 (s, 1H), 5.00 (m, 1H), 4,88 (s, 1H), 4.24 (m, 1H), 4.18 (m, 1H), 3.94 (m, 1H), 3.89 (s, 1H), 3.80 (s, 1H), 3.69 (m, 1H), 3.62-3.40 (m, 12H), 2.00 (m, 1H), 1.55 (br, 1H) ppm; HRMS [ESI-Q-TOF MS] m/z calculated for C29H58N18O13 (M)+ 867.4509, observed 867.4579; Karl Fischer coulombic titration for H2O: 3.86% (~ 3.5 equiv.); Anal:  calculated for C29H58N18O13·6C2HF3O2·3.5H2O: C, 30.51; H, 4.43; N, 15.62, observed C, 30.82; H, 4.49;  N, 15.15 .

Synthesis of hexa-lysine neomycin B (NeoK6; Fig. S3): N-,N--di-t-Boc-L-lysine dicyclohexylammonium (1.06 g; 2.01 mmol; 6.6 equiv.; Sigma), HBTU (0.87 g; 2.29 mmol; 7.5 equiv.) and HOBT (0.28 g; 2.08 mmol; 6.8 equiv.) were dissolved in acetonitrile (10 mL), treated with 2,6-lutidine (1.0 mL; 8.6 mmol; 28 equiv.), and stirred for 1 hour at 23oC.  The reaction mixture was diluted with 1,4-dioxane (10 mL) and NeoB free base (0.1872 g; 0.3045 mmol) was added.  Water (2 mL) was added and the NeoB free base slowly dissolved.  The reaction mixture was stirred for an additional 72 h at 23oC, diluted with ethyl acetate (50 mL), and washed with 0.1 M NaOH (3 x 50 mL).  The aqueous wash was extracted with ethyl acetate (3 x 40 mL) , the combined organic extracts  washed with 2.5 M HCl (1 x 50 mL), H2O (1 x 50 mL), saturated NaHCO3 (1 x 50 mL) , brine (1 x 50 mL), and then dried (MgSO4), filtered and concentrated in vacuo.  The crude residue was purified three times by flash column chromatography (silica gel, 200-400 mesh, step gradient of 6:6:0.5 to 6:6:1 ethyl acetate/hexanes/methanol) to afford  NeoB-Boc12 as a colorless powder (193 mg; 0.0747 mmol; 27%).  Rf 0.6 (silica tlc, 6:6:1 ethyl acetate/hexanes/methanol); FT-IR (CH2Cl2) 3333, 3054 , 2982, 2934, 1697 , 1512, 1367 , 1265 , 1169 , 1047 cm-1; HRMS [ESI-TOF MS] m/z calculated for C119H214N18O43 (M+Na)+ 2606.5010, observed 2606.5046. 


NeoK6-Boc12 (180 mg; 0.0696 mmol) was dissolved in CH2Cl2 (1 mL) and treated with TFA (1 mL).  The reaction mixture was stirred for 4.5 h at 24oC, diluted with CH2Cl2 (1.5 mL), and stirred for an additional 1 h.  The solvents were removed in vacuo, the residue   dissolved in methanol (1 mL), and precipitated twice with diethyl ether (12 mL). The precipitate was dried  in vacuo to afford the product as a colorless precipitate (165 mg; 0.06  mmol; 86%).  1H NMR (D2O; 400 MHz)  5.75 (s, 1H), 5.32 (s, 1H), 5.11 (s, 1H), 4.42-4.37 (m, 2H), 4.22 (s, 1H), 4.13-4.11 (m, 1H), 4.05 (br, 3H), 3.94-3.87 (m, 8H), 3.79-3.56 (m, 9H), 3.38-3.35 (m, 1H), 3.07-3.04 (m, 12H), 1.90 (br, 12H), 1.74 (s, 12H), 1.50 (s, 12H) ppm; HRMS [ESI-TOF MS] m/z calculated for C59H118N18O19 (M)+ 1383.8899, observed 1383.8934; Karl Fischer coulombic titration for H2O: 4.90% (~8 equiv.); calculated for C59H118N18O19·12C2HF3O2·8H2O: C, 34.42; H, 5.08; N, 8.71, observed: C, 34.38; H, 4.72; N,8.33.

      Additional details may be found in S. A. Kawamoto's Honors Thesis (ref. 8).
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