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New conjugates of polyene macrolide amphotericin B
with benzoxaboroles: synthesis and properties

Anna N Tevyashova1,2, Alexander M Korolev1, Aleksey S Trenin1, Lyubov G Dezhenkova1, Alexander A Shtil1,2,
Vladimir I Polshakov3, Oleg Yu Savelyev3 and Evgenia N Olsufyeva1

A novel series of conjugates of the antifungal antibiotic amphotericin B (AmB) with benzoxaboroles was synthesized. Antifungal

activity of new compounds was tested on yeastb Candida albicans and Cryptococcus humicolus and filamentous fungi Aspergillus

niger and Fusarium oxysporum using the broth microdilution method. The potency of di-modified derivatives against the

tested strains was similar to that of the parent AmB. New derivatives demonstrated differential toxicity against human cells

(colon epithelium or red blood cells). The di-modified conjugate 2-(N,N-dimethylamino)ethylamide of 3′-N-[3-(1-hydroxy-1,

3-dihydrobenzo[c][1,2]oxaborol-7-yl)propanoyl] AmB (9) showed the best combination of a high antifungal activity with a low

cytotoxic and hemolytic potency.
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INTRODUCTION

The polyene macrolide antibiotic amphotericin B (AmB) is the

treatment of choice for life-threatening systemic fungal infections

such as candidosis and aspergillosis. The mechanism of action of

polyene macrolides is associated with their ability to interact with

sterol-containing cytoplasmic membranes of pathogens, resulting in

fungal cell death.1 Unfortunately, AmB therapy is limited by its severe

side effects and low water solubility.

The necessity of the development of new antifungal agents for the

treatment of invasive mycoses is associated with the need of drugs with

less acute side effects. During the last 15 years, a variety of previously

unknown semi-synthetic derivatives have been synthesized based of

natural polyenes.2 The studies of the influence of structure of polyene

antibiotics on their antifungal activity in vitro and in vivo demon-

strated that chemical modifications of AmB as well as of the genetically

engineered polyenes (at C16 carboxyl group and/or at the amino

group of mycosamine moiety) may result in novel derivatives with a

favorable toxicity and therapeutic efficacy.3 At the same time the

differences in the structures of the polyol regions of AmB (C8, C9) or

28, 29-di-dehydro nystatin A1 (S44HP) (C7,C10) had no drastic effect

on the in vitro antifungal activity.4 However, none of the newly

developed polyene compounds has yet been introduced into the clinic.

Boron-containing molecules serve as drug candidates for the

treatment of a variety of diseases.5–7 One of these drugs, 5-fluoro-1,

3-dihydro-1-hydroxy-2,1-benzoxaborole developed by Anacor

Pharmaceuticals (AN2690), is the first well-studied benzoxaborole

antifungal agent with a broad spectrum of activity including

C. neoformans and A. niger. AN2690 has received FDA approval for

the treatment of onychomycosis in 2014.5 Benzoxaboroles block

protein synthesis by targeting fungal leucyl-tRNA synthetase.8 The

boron atom of the benzoxaborole forms a covalent tetrahedral adduct

with cis-2′,3′-hydroxy groups of 3′-terminal adenosine in the editing

pocket of tRNA, thus trapping the tRNA and abrogating protein

synthesis.9

Moreover, the benzoxaboroles were successfully used to obtain new

types of hybrid molecules, such as benzoxaborole-glycopeptides

conjugates. These compounds have shown a noticeably higher

activity than the starting glycopeptides against gram-positive bacteria

including the resistant isolates, Staphylococci GISA and Enterococci

GRE.10 A novel group of benzoxaborole–chalcone hybrids potent

against parasites Trypanosoma brucei has been described.11

This study presents the synthesis and properties of a new type of

hybrid antibiotics based on AmB and benzoxaboroles. Our results

provide evidence that conjugation of benzoxaborole moiety to AmB

can yield the compounds in which a good antifungal potency is

associated with an acceptable toxicity against human cells.

RESULTS AND DISCUSSION

Chemistry

Depending on the functional group in benzoxaborole used for the

conjugation with AmB, four types of hybrid molecules were obtained:

C16-amide, 3′-N-acyl, 3′-N-alkyl, 3′-N,N-bis-alkyl- and 3′-N-sulfo

derivatives (Schemes 1 and 2).
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The reaction of AmB (1) with (S)-3-(aminomethyl)benzo[с][1,2]

oxaborol-1(3Н)-ole in the presence of PyBOP resulted in the

formation of amide 2 (Scheme 1).

N-Hydroxysuccinimide esters (-OSu) of 3-(1-hydroxy-1,

3-dihydrobenzo[c][1,2]oxaborol-7-yl)propionic acid, 1-hydroxy-1,

3- dihydrobenzo[c][1,2]oxaborol-6-carboxylic acid or 1-hydroxy-1,3-

dihydrobenzo[c][1,2]oxaborol-5-carboxylic acid were obtained in situ

for the synthesis of 3′-N-acyl derivatives with benzoxaboroles bearing

the carboxyl group in the aromatic ring. The OSu-esters were

synthesized from the corresponding benzoxaboroles and N-hydro-

xysuccinimide in the presence of N,N'-dicyclohexylcarbodiimide

(DCC). The interaction of AmB (1) with OSu-esters resulted in the

formation of 3′-N-acyl derivatives 3–5 (Scheme 2).

The interaction of AmB (1) with 1-hydroxy-1,3-dihydrobenzo[с]

[1,2]oxaborol-6-sulfonyl chloride in the pyridine–dimethylformamide

(DMF) mixture in the presence of Et3N resulted in the formation

of sulfamide 6 (Scheme 2). Reductive alkylation of AmB (1) with

(R)-2-(1-hydroxy-1,3-dihydrobenzo[с][1,2]oxaborol-3-yl)acetaldehyde

in the presence of NaBH3CN gave a mixture of mono- and di-alkyl

derivatives 7 and 8, respectively, which were separated by column

chromatography on silica gel (Scheme 2).

To improve the water solubility of 3′-N-substituted derivatives of

AmB, we converted compounds 3, 6 and 7 into the corresponding

C16-2-(N,N-dimethylamino)ethylamides (DMAE-amides). Indeed,

C-16-DMAE-amides of several polyene macrolide antibiotics of the

AmB group are suitable for the preparation of the water-

soluble forms.3 The C16-DMAE-amides of 3′-N-[3-(1-hydroxy-1,

3-dihydrobenzo[c][1,2]oxaborol-7-yl)propanoyl] AmB (9) and

3′-N-(1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-6-yl)sulfonyl AmB

(10) were obtained by amidation of 3 or 6, respectively, with N1,

N1-dimethylethane-1,2-diamine by the standard procedure in the

presence of PyBOP (Scheme 3).3

An attempt to prepare C16-DMAE-amide of 3′-N-(1-hydroxy-1,

3-dihydrobenzo[c][1,2]oxaborole-6-methyl)-AmB (12) starting from

Scheme 1 Synthesis of C16-benzoxaborole amide of AmB (2). AmB, amphotericin B.

Scheme 2 Synthesis of 3′-N-substituted benzoxaborole derivatives of AmB (3–8). AmB, amphotericin B.
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7 and N1,N1-dimethylethane-1,2-diamine by the same procedure

failed. The target compound 12 was synthesized using an alternative

method starting from C16-DMAE-amide of AmB (11) obtained by the

treatment of AmB with N1,N1-dimethylethane-1,2-diamine in the

presence of PyBOP. The amide 11 was converted into the derivative 12

by the reductive alkylation reaction using 1-hydroxy-1,3-dihydrobenzo

[c][1,2]oxaborole-6-carbaldehyde in the presence of NaBH3CN

(Scheme 4).

Purification of new compounds 2–12 was performed by column

chromatography on silica gel. Yields of target compounds were low

(10–25%), especially in the case of amidation reaction (compound 2,

yield 10%). This can be explained by the possible formation of

rather strong complexes of benzoxaboroles with the polyhydroxylated

system of AmB. Yields of amidation reactions of 3 and 6, resulting

in the formation of 9 and 10, respectively, (Scheme 3) were

significantly higher (50%). Low yields of target compounds also can

be explained by the partial destruction and irreversible sorption of

AmB derivatives on silica gel during column chromatography.

The purity of new compounds was determined by HPLC. The

structures were confirmed by IR-, UV-spectroscopy and MS

methods including the MS/MS analysis and NMR spectroscopy

(Tables 1 and 2).

The UV spectra of the conjugates of AmB with benzoxaboroles

2–12 contained maximums (λmax) at 347, 365, 385 and 408 nm typical

for the AmB heptaene system. The IR spectra of 2–12 contained all

characteristic absorption bands, including the one at 1715–1733 cm− 1

(strong) corresponding to the macrolactone group. The IR spectra of

amides 2, 9–12 and 3′-N-acyl derivatives 3–5 contained the absorption

band at 1632–1651 cm− 1 (strong) characteristic for the –CONH-

group. The IR spectra of sulfamide derivatives 6 and 10 contained two

absorption bands at 1161 and 1367 cm− 1 (both strong) characteristic

for the –SO2 group.

Scheme 3 Synthesis of C16-DMAE-amides of 3′-N-substituted benzoxaborole derivatives of AmB (9, 10). AmB, amphotericin B; DMAE-amide,

2-(N,N-dimethylamino)ethylamide.

Scheme 4 Synthesis of C16-DMAE-amide- (11) and C16-DMAE-amide of 3′-N-alkyl benzoxaborole derivative of AmB (12). AmB, amphotericin B;

DMAE-amide, 2-(N,N-dimethylamino)ethylamide.
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Table 1 Physico-chemical properties and observed peaks in the MS/MS fragmentation spectra of AmB derivatives 2–12

MWb

Compounds HPLC Rt
a (min) Molecular formula Calculated Found Peaks (m/z) in the MS/MS spectrum

Amide

2 16.69 C55H81BN2O18 1068.5577 1069.5636c 1051.57 [M+H–H2O]
+

888.48 [M+H–mycosamine–H2O]
+

870.47 [M+H–mycosamine–2H2O]
+

852.46 [M+H–mycosamine–3H2O]
+

834.45 [M+H–mycosamine–4H2O]
+

816.44 [M+H–mycosamine–5H2O]
+

3′-N-acyl derivatives

3 19.48 C57H82BNO20 1111.5523 1110.5042d 1092.54 [M–H–H2O]
−

1074.54 [M–H–2H2O]
−

1030.55 [M–H–2H2O–CO2]
−

1012.52 [M–H–3H2O–CO2]
−

994.53 [M–H–4H2O–CO2]
−

332.13 [M–H–aglycon]−

4 18.17 C55H78BNO20 1083.5210 1082.4985d 1064.50 [M–H–H2O]
−

1046.49 [M–H–2H2O]
−

1002.50 [M–H–2H2O–CO2]
−

984. 49 [M–H–3H2O–CO2]
−

966.48 [M–H– 4H2O–CO2]
−

5 16.11 C55H78BNO20 1083.5210 1082.5476d 1064.50 [M–H–H2O]
−

1046.49 [M–H–2H2O]
−

1020.51 [M–H–CO2]
−

1002.50 [M–H–2H2O–CO2]
−

984. 49 [M–H–3H2O–CO2]
−

3′-Sulfamide

6 15.02 C54H78BNO21S 1119.4880 1118.4838d 1100.47 [M–H–H2O]
−

1082 [M–H–2H2O]
−

1056.48 [M–H–H2O–CO2]
−

1038.48 [M–H–2H2O–CO2]
−

1020.47 [M–H–3H2O–CO2]
−

1002.44 [M–H–4H2O–CO2]
−

3′-N-alkyl derivatives

7 14.34 C55H80BNO19 1069.5417 1070.5489c

1068.5367d
1050.54 [M–H–H2O]

−

1032.53 [M–H–2H2O]
−

988.54 [M–H–2H2O–CO2]
−

8 19.94 C63H87B2NO21 1215.5956 1214.5844d 1196.60 [M–H–H2O]
−

1178.58 [M–H–2H2O]
−

1134.58 [M–H–2H2O–CO2]
−

1116.60 [M–H–3H2O–CO2]
−

DMAE-amides

9 15.88 C61H92BN3O19 1181.6418 1182.6549c 1164.63 [M+H–H2O]
+

1146.62 [M+H–2H2O]
+

831.50 [M+H–N-acyl-mycosamine–H2O]
+

813.49 [M+H–N-acyl-mycosamine–H2O]
+

10 15.91 C58H88BN3O20S 1189.5775 1190.5866c 1172.56 1164.63 [M+H – H2O]
+

831 [M+H–N-sulphonyl-mycosamine]+

813.49 [M+H–N-sulphonyl-mycosamine–H2O]
+

795.47 [M+H–N-sulphonyl-mycosamine–2H2O]
+

11 10.73 C51H83N3O16 993.5773 994.5845c 976.55 [M+H–H2O]
+

813.49 [M+H–mycosamine–H2O]
+

795.47 [M+H–mycosamine–2H2O]
+

12 12.41 C59H90BN3O18 1139.6312 1140.6406c 1122.62 [M+H–H2O]
+

813.49 [M+H–N-alkylmycosamine–H2O]
+

795.48 [M+H–N-alkylmycosamine–2H2O]
+

Abbreviations: AmB, amphotericin B; DMAE-amide, 2-(N,N-dimethylamino)ethylamide.
aHPLC was carried out on a Shimadzu HPLC instrument of the LC 20-AD, 2-System FRA02vA, on a Kromasil 100-C18 column (4.6×250 mm, particle size 5 μm) at an injection volume of 20 μl

and a wavelength 408 nm with the elution: A—COONH4 0.2%, pH 4.5, B—MeCN. The proportion of acetonitrile varied from 30 to 70%, flow rate 1.0 ml min−1.
bESI mass spectra data were registrated on a Bruker oomicrOTOF-Q II44 instrument (BrukerDaltonics GmbH, Bremen, Germany).
cPositively charged molecular ion [M+Н]+.
dNegatively charged molecular ion [М–Н]−.
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The negatively charged molecular peak [M–H]− was observed in

the mass spectra of 3–6 and 8, which contain non-modified C-16

carboxylic group. The positively charged molecular peak [M+Н]+ was

detected in the mass spectra of 2 and 9–12, which have free amino- or

N-alkyl-amino group. Both negatively and positively charged peaks

were observed in the mass spectrum of the mono-alkyl derivative 7.

The MS/MS fragmentation spectra also confirmed the structures of

2–12 (Table 1). Depending on the moiety at the C16-carboxylic or

3′-NH2 group, two main ways of fragmentation were observed in the

MS/MS spectra.

The collision-induced dissociation of 2–12 at 40–60 eV resulted in

the occurrence of the peaks with m/z that corresponded to the

consecutive degradation of molecules with splitting of one and more

water molecules (Table 1, Figures 1–3). In compounds 3–8 with free

carboxylic group, dehydration was accompanied by decarboxylation of

the starting molecular ion.

The collision-induced dissociation of 2, 3, 4, 9–12 at 30–60 eV

resulted in the degradation of glycoside bond and appearance of

peaks, which corresponded to the aglycon or sugar moieties in MS/MS

spectra (Table 1). Typical examples of degradation (3, 9 and 12)

are presented in Figures 1–3. The peak with m/z 332.13, which

corresponded to the negatively charged 3′-N-acyl-mycosamine

fragment was observed in the MS/MS spectra of 3, 4, confirming

the attachment of benzoxaborole residue to the 3′-N-position of

mycosamine (Table 1, Figure 1).

The collision-induced dissociation of C16-carboxamides 2, 9–12

resulted in β-elimination of the mycosamine moiety containing the

benzoxaborole residue, which led to the positively charged peak m/z

888.48 (for compound 2) or 831.49 (for 9–12) corresponding to the

dehydrated aglycon moiety (Table 1, Figures 2 and 3 for 9, 12).

The signals with m/z corresponding to the aglycon or sugar

fragments were not found in the MS/MS spectra of 3′-N-substituted

derivatives 5–8 (Table 2), probably due to a more stable

glycoside bond.

The structure of 2–12 was confirmed by NMR spectroscopy.

Introduction of benzoxaborole fragments into AmB was accompanied

by the appearance of signals in the downfield (7.0–8.0 p.p.m.) region

of 1H NMR spectra. It should be noted that the characteristic signal of

the hydroxyl group attached to the boron atom was observed in the

range 8.2 and 9.3 p.p.m. (Table 2, Supplementary Information File).

For substances that contain free COOH group in the position C16 of

AmB molecule, a broad signal of acidic proton was observed at

12–13 p.p.m. (Supplementary Information File).

However, taking into account the complexity of compounds, much

more informative 2D NMR techniques were used to confirm their

structures. At the first step, the complete assignment of the 1H and 13C

resonances was obtained for 1a (3′-N-Fmoc-AmB; Scheme 2).

Signal assignment was based on the analysis of cross peak correlations

in DQF-COSY, TOCSY, ROESY and 13C-1H HSQC 2D NMR

experiments and comparison with published partial signal assignments

of AmB.12,13 The assignment strategy was based on the direct

comparison of signals in the 13C-1H HSQC spectra with analogous

signals in the spectrum of 1a (Supplementary Figures S1 and S2).

Signal assignment included also the analysis of DQF-COSY

spectra and, in several cases, 2D ROESY spectra (Supplementary

Information File).

Table 2 contains chemical shift data on AmB derivatives
1H and 13C signals, including the previously unassigned ones for

3′-N-Fmoc-AmB (1a).

Biological testing

The antifungal activity of 2–12 was tested against the yeast strains

Candida albicans ATCC 14053 and Cryptococcus humicolus ATCC

9949, and against the fungi Aspergillus niger ATCC 16404 and

Fusarium oxysporum VKM F-140 (=CMI, IMI 90473) using the

broth microdilution method (Table 3) as described in CLSI/NCCLS

documents14–17 and our studies.4,18

The majority of new derivatives was less potent than AmB (1). The

antifungal activity of C16-amide of AmB with (S)-3-(aminomethyl)

benzo[с][1,2]oxaborol-1(3Н)-ole (2) was lower (MICs~4–16 μg ml− 1)

than that of AmB (MICs~0.25–2 μg ml− 1) against all the tested strains.

The activities of 3′-N-acyl derivatives 3–5 and 3′-N-sulfamide 6 were

slightly better (MICs~2–16 μg ml− 1) but still smaller than AmB (1).

In contrast, 3′-N-mono-alkyl derivative 7 showed a significant

activity against C. humicolus and A. niger (MICs= 0.25 and

0.5 μg ml− 1) similar to AmB. Compound 7 was slightly less active

than AmB against C. albicans and F. oxysporum, demonstrating MICs

1 μg ml− 1 and 4 μg ml− 1, respectively, whereas for AmB, these values

were 0.5 μg ml− 1 and 2 μg ml− 1, respectively. The 3′-N,N-di-alkyl

derivative 8 was much less potent than 3′-N-mono-alkyl derivative 7.

The antifungal activity of 3 and 6 was improved by amidation

of the C-16-carboxylic group. Dual modified derivatives such as

C-16-DMAE-amides 9 and 10 demonstrated a high antifungal

activity (MICs~ 0.25–2 μg ml− 1) comparable with AmB (1) against

C. albicans, C. humicolus and A. niger. At the same time, 9 and 10 were

less active than AmB (1) against F. oxysporum.

The introduction of DMAE residue into C16-moiety of 3′-N-alkyl

derivative 7 did not significantly alter the activity. The double-

modified derivative 12 demonstrated a slightly increased activity

against F. oxysporum (MIC= 1 μg ml− 1) and a decreased potency

against C. humicolus and A. niger (MICs= 1 μg ml− 1). Finally,

C16-mono-modified DMAE-amide of AmB (11) showed the best

activity (MICs~ 0.5–1 μg ml− 1) close to the parent AmB (1) against

all the tested bacteria.

Next, we tested whether our new compounds can be toxic for

mammalian cells. Indeed, general toxicity can seriously hamper the

clinical applicability of this chemical class. AmB (1) is known to be

hemolytic. We therefore used AmB (1) as a reference drug in studying

the ability of 3, 5, 7–12 to kill the HCT116 colon cell line or donor red

blood cells. As expected, 1 was hemolytic but virtually not cytotoxic

(Table 4). New derivatives were differentially active in these two test

systems. Compounds 7 and 12 were more cytotoxic than 1, and 7 was

even more hemolytic. In this regard, 3, 5, 8 and 9 were both nontoxic

and low hemolytic; however, only 9 showed high antifungal

potency (see above). Compound 11, also a promising antifungal

agent, demonstrated an insignificant cytotoxicity and hemolysis

(values comparable to AmB 1).

CONCLUSION

The chemical modification of polyene macrolide antibiotics meets

serious problems due to the high MW of these compounds, poor

solubility in water and organic solvents, high chemo- and photo-

sensitivity and formation of aggregates.19 In turn, benzoxaboroles can

form strong complexes with cis-diol systems, a common chemical

entity found in glycopeptides, glycosides etc.20 The structure of AmB

(1) also contains the cis-diol system and can form dative bonds with

benzoxaboroles, thereby preventing the interaction of AmB (1) with

benzoxaboroles. We succeeded in the synthesis of a series of hybrid

benzoxaborole–AmB antibiotics although the yields in some cases

were rather low.
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Table 2 13C and 1H NMR spectra of AmB derivatives 1a, 2–12a

Compound (13C/1H)

Atom 1ab 2 3 4 5 6 7 8 9 9G 10 11 12

Aglycon moiety
2 41.76 41.83 41.69 41.78 41.78 41.77 41.78 41.84 41.80 41.98 41.77 41.78

2.155 2.15 2.16 2.19 2.16 2.15 2.16 2.16 2.16 2.15 2.07; 1.95 2.15 2.15

3 65.98 65.99 66.20 65.94 65.97 66.07 65.98 65.97 65.97 66.34 65.94 65.93
4.054 4.05 4.05 4.10 4.052 4.045 4.051 4.047 4.05 4.04 3.97 4.04 4.05

4 44.52 44.54 45.00 44.47 44.49 44.51 44.11 44.51 44.49 44.12 44.54 44.55
1.39; 1.31 1.39

1.32
1.39; 1.32 1.54; 1.44 1.39; 1.327 1.39; 1.32 1.39; 1.32 1.38; 1.30 1.39; 1.31 1.39; 1.31 1.21; 1.122 1.38; 1.26 1.38; 1.31

5 68.9 68.9 68.94 68.89 68.89 68.88 68.93 68.90 68.89 71.29 68.83 68.89
3.51 3.51 3.51 3.52 3.51 3.51 3.51 3.51 3.51 3.51 3.52 3.50 3.51

6 34.87 34.88 34.90 34.82 34.86 34.84 34.86 34.84 34.83 37.41 34.80 34.85
1.39; 1.25 1.39

1.25
1.39; 1.26 1.39; 1.26 1.39; 1.26 1.39; 1.25 1.39; 1.28 1.54; 1.22 1.39; 1.27 1.39; 1.26 1.42; 1.152 1.38; 1.263 1.39; 1.27

7 28.78 28.72 28.74 28.67 28.66 28.69 28.67 28.72 28.72 36.49 28.71 28.74
1.57; 1.24 1.56;1.24 1.56; 1.25 1.57; 1.25 1.55; 1.22 1.55; 1.24 1.58; 1.22 1.55; 1.22 1.56; 1.243 1.55; 1.25 1.53; 1.31 1.56; 1.25 1.57; 1.24

8 73.32 73.38 73.38 73.32 73.35 73.31 73.36 73.36 73.34 76.88 73.32 73.34
3.08 3.08 3.09 3.10 3.08 3.09 3.07 3.10 3.09 3.09 3.30 3.10 3.09

9 73.51 73.43 73.46 73.35 73.37 73.45 73.34 73.41 73.39 79.54 73.51 73.54
3.45 3.44 3.45 3.46 3.45 3.44 3.45 3.44 3.45 3.44 3.53 3.45 3.45

10 39.31 39.32 39.36 39.31 39.33 39.28 39.39 39.45 39.40 40.78 39.36 39.39
1.55; 1.30 1.55 1.31 1.55; 1.32 1.545; 1.33 1.55; 1.32 1.54; 1.31 1.56; 1.32 1.55; 1.31 1.55; 1.32 1.54; 1.31 1.62; 1.22 1.55; 1.32 1.55; 1.32

11 65.42 67.40 65.47 65.95 67.34 67.43 66.23 67.39 67.37 68.74 67.49 67.49
4.22 4.22 4.22 4.57 4.16 4.20 4.23 4.31 4.22 4.21 4.25 4.22 4.23

12 46.04 45.85 45.88 45.82 45.83 45.80 45.91 46.06 46.04 46.07 45.88 46.03
1.543 1.53 1.54 1.53 1.54 1.53 1.55 1.54 1.52 1.52 1.58; 1.37 1.54 1.54

14 44.08 44.08 44.39 44.02 44.05 44.03 44.04 44.28 44.23 44.53 44.32 44.30
1.85; 1.09 1.87 1.09 1.87; 1.10 1.78; 1.08 1.87; 1.10 1.87; 1.10 1.87; 1.10 1.87; 1.09 1.87; 1.08 1.86; 1.06 1.83; 1.05 1.87; 1.09 1.86; 1.06

15 65.17 65.11 65.22 65.05 65.08 65.06 65.13 64.60 64.56 64.59 64.67 64.59
3.96 4.00 4.01 3.93 4.00 4.00 4.00 4.00 4.01 4.00 4.02 4.00 4.01

16 56.49 56.59 57.19 56.53 56.49 56.71 56.55 56.69 56.63 57.83 56.69 56.81
1.90 1.96 1.98 1.81 1.98 1.96 1.94 2.09 1.92 1.91 1.78 1.94 1.90

17 65.14 65.13 65.17 65.11 65.08 64.86 64.90 65.11 65.13 64.75 64.75 64.83
4.19 4.12 4.20 4.20 4.20 4.12 4.22 4.12 4.21 4.20 4.20 4.23 4.25

18 37.04 36.88 35.52 36.87 36.51 36.68 ND 36.67 36.65 39.96 36.31 36.13
2.06; 1.57 1.91 1.54 1.95; 1.58 1.91; 1.47 1.97; 1.59 1.91; 1.54 1.96; 1.54 1.86; 1.58 1.91; 1.48 1.90; 1.48 1.77; 1.47 1.91; 1.48 1.93; 1.43

19 74.53 74.41 72.29 74.43 73.97 74.27 74.59 74.73 74.74 80.17 74.67 74.39
4.37 4.37 4.39 4.56 4.40 4.33 4.38 4.30 4.35 4.34 3.91 4.37 4.34

20 136.6 136.4 137.0 136.4 136.4 136.2 136.3 136.8 136.8 135.9 136.0 136.5
5.96 5.94 5.94 6.617 5.94 5.89 5.96 5.89 5.93 5.92 5.81 5.94 5.94

21 128.4 128.6 128.8 128.6 128.6 128.5 ND 128.5 128.4 128.6 128.8 128.4
6.08 6.08 6.09 6.16 6.10 6.05 6.10 6.06 6.10 6.10 6.02 6.11 6.09

22 133.3 133.2 133.3 133.2 133.2 133.0 133.3 133.3 133.4 132.5 133.1 133.2
6.37 6.38 6.37 6.35 6.36 6.35 6.36 6.34 6.38 6.38 6.28 6.39 6.39

23 131.6 131.7 131.5 131.6 131.6 131.6 131.6 131.6 131.5 131.8 131.8 131.6
6.25 6.26 6.26 6.26 6.26 6.24 6.27 6.24 6.24 6.26 6.40 6.25 6.25

24 133.7 133.7 134.3 133.6 133.7 133.6 133.6 133.7 133.7 134.5 133.6 133.7
6.43 6.43 6.44 6.27 6.43 6.42 6.43 6.43 6.45 6.44 6.75 6.44 6.44

25 131.9 132.1 132.0 131.9 132.0 132.0 132.1 131.9 131.9 131.7 132.2 132.0
6.28 6.28 6.29 6.28 6.30 6.28 6.27 6.29 6.29 6.29 6.33 6.28 6.27

26 133.4 133.4 133.7 133.4 133.4 133.4 133.7 133.5 133.4 134.4 133.4 133.4
6.32 6.32 6.32 6.31 6.32 6.32 6.32 6.36 6.33 6.36 6.60 6.33 6.32

27 131.9 131.9 131.9 131.9 131.9 131.9 132.1 131.9 131.9 131.3 132.0 131.9
6.15 6.15 6.16 6.15 6.16 6.15 6.15 6.18 6.16 6.15 6.24 6.15 6.15

29 132.0 132.1 132.2 132.0 132.0 132.2 132.2 132.1 132.1 132.5 132.2 132.2
6.29 6.24 6.24 6.31 6.23 6.22 6.31 6.34 6.31 6.313 6.36 6.31 6.31

30 132.9 133.0 132.9 132.9 132.9 132.8 132.9 132.9 133.0 132.5 132.9 132.9
6.289 6.29 6.30 6.13 6.32 6.28 6.31 6.32 6.30 6.31 6.06 6.30 6.30

31 131.6 131.7 131.7 131.6 131.6 131.6 131.6 131.7 131.6 131.6 131.7 131.6
6.16 6.16 6.16 6.15 6.16 6.15 6.16 6.17 6.15 6.15 6.14 6.16 6.15
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Table 2 (Continued )

Compound (13C/1H)

Atom 1ab 2 3 4 5 6 7 8 9 9G 10 11 12

32 131.0 131.0 130.9 130.9 131.0 130.9 131.1 131.0 130.9 131.2 131.0 131.0
6.069 6.07 6.07 6.13 6.07 6.04 6.07 6.07 6.06 6.07 6.03 6.07 6.07

33 136.5 136.6 135.8 136.5 136.6 136.5 136.6 136.6 136.5 136.2 136.6 136.5
5.432 5.44 5.44 5.50 5.43 5.40 5.42 5.43 5.43 5.43 5.36 5.43 5.42

34 42.20 42.17 41.69 42.11 42.11 42.13 42.09 42.18 42.17 42.20 42.18 42.18
2.28 2.28 2.28 2.30 2.27 2.27 2.28 2.27 2.27 2.27 2.25 2.27 2.27

34Me 18.23 18.25 18.26 18.20 18.24 18.23 18.25 18.29 18.27 18.22 18.25 18.25
1.029 1.03 1.03 1.03 1.03 1.02 1.02 1.03 1.02 1.024 1.01 1.02 1.02

35 76.94 76.89 76.91 76.84 76.85 76.89 76.86 76.88 76.86 79.37 76.88 76.92
3.085 3.09 3.09 3.06 3.09 3.06 3.09 3.09 3.08 3.08 3.08 3.07 3.07

36 39.37 39.46 39.01 39.42 39.42 39.35 39.41 39.44 39.43 39.90 39.38 39.37
1.72 1.27 1.72 1.78 1.71 1.72 1.72 1.712 1.72 1.715 1.67 1.719 1.69

36Me 11.82 11.84 11.79 11.82 11.82 11.86 11.78 11.90 11.83 11.74 11.81 11.90
0.905 0.91 0.91 0.90 0.909 0.90 0.90 0.91 0.907 0.91 0.89 0.89 0.89

37 68.61 68.66 68.62 68.62 68.66 68.60 68.57 68.64 68.66 68.31 68.62 68.59
5.198 5.20 5.20 5.20 5.19 5.19 5.19 5.20 5.19 5.19 5.15 5.20 5.20

37Me 16.73 16.77 16.77 16.70 16.75 16.64 16.81 16.75 16.78 16.80 16.71 16.65
1.10 1.11 1.10 1.10 1.10 1.09 1.09 1.10 1.10 1.10 1.07 1.10 1.07

Mycosamine moiety
1′ 96.73 96.75 94.31 96.77 96.08 96.70 95.15 96.86 96.92 98.84 95.62 96.78

4.47 4.46 4.39 4.94 4.46 4.29 4.35 4.17 4.38 4.38 4.03 4.38 4.27

2′ 68.84 68.91 62.08 68.68 69.43 72.54 69.51 68.86 68.89 67.85 66.79 65.52
3.66 3.67 3.54 4.12 3.69 3.38 3.68 3.57 3.60 3.59 2.94 3.88 3.89

3′ 56.65 54.60 52.16 55.61 59.13 57.90 58.05 54.59 54.51 59.00 55.26 62.21
3.421 3.69 3.69 4.07 3.89 3.08 4.44 4.43 3.68 3.69 2.58 2.93 2.40

4′ 69.35 69.89 70.06 69.20 69.15 70.14 68.44 69.69 69.75 67.85 68.41 70.29
3.166 3.35 3.12 3.85 3.35 3.06 3.08 3.68 3.12 3.11 2.94 3.23 3.05

5′ 73.01 73.14 72.88 73.04 72.80 72.72 73.64 73.18 73.17 72.25 72.56 72.95
3.17 3.24 3.16 3.18 3.24 3.04 3.12 2.97 3.13 3.12 2.57 3.19 3.07

Me-6′ 17.90 17.87 17.94 17.90 17.85 17.77 17.86 17.89 17.87 17.89 17.41 17.86
1.16 1.16 1.15 1.16 1.19 1.09 1.15 1.16 1.14 1.13 1.08 1.17 1.13

3′NH 7.009 7.01 7.61 7.92 7.34 ND 7.65 7.60

Benzoxaborole moiety
3″ 69.44 69.70 69.61 69.70 69.48 69.55 69.45 69.41 67.37 — 69.53

4.44 4.94 5.03 5.04 5.04 4.95 4.93 4.94 4.90 4.63 4.53 — 4.95

4″ 118.7 121.4 120.1 121.6 120.8 120.8 118.6 118.6 120.3 — 120.8
7.19 7.19 7.14 7.90 7.52 7.35 7.30 7.19 7.18 7.13 — 7.33

5″ 130.6 126.0 128.8 130.9 131.0 130.7 130.6 124.1 — 130.7
7.37 7.36 7.68 — 7.98 7.52 7.54 7.36 7.52 7.53 — 7.52

6″ 126.3 125.9 — — 126.4 126.3 —

7.83 7.15 — 7.83 — — — 7.15 7.14 — — —

7″ 126.4 129.9 128.5 130.5 130.2 — 127.9 — 130.0
7.78 — 7.70 7.78 8.20 7.81 7.65 — — 7.95 — 7.72

8″ 36.94 — — — 49.13 54.74 36.99 36.98 — 49.40
2.47 — — — 3.93; 3.75 2.27 2.46 2.46 — 3.95; 3.71

9″ 29.52 — — — — 29.53 29.53 —

3.00 — — — — 3.00 3.00 —

B-OH 9.00 8.26 9.32 9.39 8.17 9.10 9.02 9.02 8.21 8.28 8.25
CO2H 12.42 12.2 (br) 12.41 12.38 12.06 12.25 (br) — — — —

NH 7.970 7.80 7.80 8.27
1′″ 35.96 36.21 35.96 34.15 36.24

3.25 3.21 3.19 3.10 3.39 3.15
2″′ 57.49 57.08 56.95 34.16 57.73

2.482 2.94 2.45 2.34 3.43 2.37
NMe2 44.37 44.65 44.22 42.50 44.6

2.28 2.22 2.24 2.66 2.19

Abbreviations: AmB, amphotericin B; ND, not detected.
aNumeration of the atoms is presented in Schemes 1,2,3,4.
b3′-N-Fmoc-AmB (1a) was obtained by the standard procedure (Scheme 2) described for the related compound 3′-N-Fmoc-S44HP in ref. 3. The signals corresponding to Fmoc-group of 1a NMR,

δ: 125.2 and 7.76 (2″-CH); 127.0 and 7.33 (3″-CH); 127.4 and 7.41 (4″-CH); 119.8 and 7.88 (5″0CH); 46.4 and 4.22 (10″-CH). The signals for L-Glu of the salt 9G 13C NMR, δ: 52.80 and

3.26 (Cα-H), 26.30 and 1.85 (Cβ-H), 31.15 and 2.34 (Cγ-H).
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Figure 1 CID induced split-off of 3′-N-acyl-mycosamine moiety in 3 and the fragment of MS/MS spectrum containing the corresponding peak with m/z

332.13. CID, collision-induced dissociation.

Figure 2 CID induced split-off of C16-DMAE-amide aglycon fragment in 9 and the fragment of MS/MS spectrum containing the corresponding peak with m/z

813.49. CID, collision-induced dissociation; DMAE-amide, 2-(N,N-dimethylamino)ethylamide.
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In our newly synthesized series of hybrid benzoxaborole–AmB

antibiotics compounds 7, 9–12 were similarly potent as the parent

AmB against C. albicans, C. humicolus and A. niger. Furthermore,

against F. oxysporum VKM F-140 strain, 11 and 12 showed the

fungicidal activity as good as that of AmB. However, 10 and 12 were

toxic for the mammalian cells, making these two derivatives

disadvantageous. Thus, the introduction of the benzoxaborole

residue resulted in the increase of antifungal activity of 10 and 12,

however, associated with the increased cytotoxicity in comparison with

AmB (1).

In 9 and 11, a potent antifungal activity was paralleled by a low

toxicity for the human cells and the hemolytic activity better than

(compound 9) or similar to (compound 11) AmB. The compound 9

demonstrated optimal characteristics in all the three tests, that is,

antifungal activity against the three different strains, cytotoxicity and

hemolytic activity. This agent was therefore prepared as a water-

soluble, pharmaceutically acceptable L-Glu salt 9G potentially useful in

animal models.

EXPERIMENTAL PROCEDURE

General
AmB (1) was purchased from Sigma-Aldrich (St Louis, MO, USA). TLC

analysis was performed on the Silica gel 60 F254 plates (aluminum sheets

20 × 20 cm) Merck (Darmstadt, Germany). Column chromatography was

carried out on Merck silica gel (Kieselgel G60, 0.040–0.063 mm; Darmstadt,

Germany). IR spectra were recorded on a IR-Fourier spectrometer

‘Nicolet-iS10’ (detector DTGS, KBr; Thermo Scientific, Waltham, MA, USA).

NMR spectroscopy
NMR spectra were measured at 278 K in dimethyl sulfoxide-d6 (DMSO-d6) on

a Bruker AVANCE 600 MHz spectrometer equipped with a triple resonance

(1H, 13C and 15N) pulsed field z gradient probe (Bruker Biospin, Rheinstetten,

Germany). One-dimensional NMR spectra were processed by TopSpin 2.0 and

Mnova NMR (Mestrelab Research, Santiago de Compostela, Spain). 2D NMR

spectra were processed by NMRPipe21 and analyzed using SPARKY.22 The 1H

and 13C signal assignments were obtained from DQF-COSY and 13C-1H HSQC

2D NMR experiments. Heteronuclear experiments were measured at the

natural abundance of the 13C nuclei. For the compounds 1a, 7 and 10,

additionally ROESY (mixing time of 300 ms) and TOCSY (mixing time of

70 ms) 2D NMR spectra were collected.

Synthesis
C16-Amide of AmB with (S)-3-(aminomethyl)benzo[с][1,2]oxaborol-1(3Н)-ole (2).

(S)-3-(Aminomethyl)benzo[c][1,2]oxaborol-1(3Н)-ole (202 mg, 0.971 mmol)

was added to a solution of AmB (1) (300 mg, 0.325 mmol) in DMSO (2 ml),

pH of reaction mixture was kept at 7.5–8 by adding a solution of Et3N in

DMSO. PyBOP (270 mg, 0.519 mmol) was added to the reaction mixture

portionwise during 1.5 h. The reaction mixture was stirred for 4 h, and then

ether was added. The mixture was stirred vigorously, then the ether layer was

removed and the procedure was repeated several times until a viscous oil was

formed. Acetone was added to the oil; the forming precipitate was filtered off,

washed with acetone and dried in vacuum. The progress of the reactions, the

components of the column and the purity of final compounds were monitored

by TLC in the system CHCl3�CHCl3�MeOH�NH4OH (4:1:0.1) and HPLC

analysis. The crude amide was purified by column chromatography on silica

gel. The amide was dissolved in DMF (2 ml) and put on a column pre-

equilibrated with CHCl3. The elution was carried out with CHCl3 (150 ml) and

then with a mixture CHCl3�MeOH�NH4OH (4:1:0.1). Fractions containing

the target compound were combined and evaporated to a small volume. The

addition of acetone to the solution gave the precipitate that was fostered off and

dried. Yield: 30 mg (10%).

3′-N-[3-(1-Hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-7-yl)propanoyl] AmB (3),

1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-6-yl)formyl AmB (4) or 1-hydroxy-

1,3-dihydrobenzo[c][1,2]oxaborol-5-yl)formyl AmB (5). 3′-N-acyl derivatives of

AmB (5–7) were prepared by the treatment of the unprotected AmB (1) with

N-hydroxysuccinimide ester (-OSu) of the 3-(1-hydroxy-1,3-dihydrobenzo[c]

[1,2]oxaborol-7-yl)propionic acid, 1-hydroxy-1,3- dihydrobenzo[c][1,2]

oxaborol-6-yl)carboxylic acid or 1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-

5-yl)carboxylic acid which were obtained by the standard method using DCC.

To a stirred solution of AmB (1) (150 mg, 0.162 mmol) in DMSO

(100 mg ml− 1) were added the solution of N-hydroxysuccinimide ester of

the corresponding acid (5 eq) in the mixture of DMF-CH2Cl2 (2:1)

(150 mg ml− 1) and Et3N to pH 8. The reaction mixture was stirred for 12 h

at room temperature, and then fivefold volume of Et2O was added. The

resulting mixture was shaken intensively to partially extract DMSO and DMF,

and the layer of Et2O was separated. This procedure was repeated twice. To the

Figure 3 CID induced split-off of the C16-DMAE-amide aglycon fragment in 12 and the fragment of MS/MS spectrum containing the corresponding peak

with m/z 813.49. CID, collision-induced dissociation; DMAE-amide, 2-(N,N-dimethylamino)ethylamide.
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obtained dark yellow oil, n-BuOH (20 ml) saturated with H2O was added and

the resultant solution was washed with H2O (10 ml). This procedure was

repeated twice. The organic layer was evaporated in vacuum with 0.6 eq of H2O

to the volume~1 ml n-BuOH solution. The organic layer was poured into a

stirring mixture of Et2O to precipitate the crude reaction product. The

precipitate was filtered, washed with Et2O and dried in vacuum to give a

yellow powder. Crude products (5–7) were purified by the column chromato-

graphy method on silica gel in CHCl3�MeOH�H2O�HCOOH

(5:1:0.01:0.01, v/v) system. The yields of the pure N-acyl-derivatives (3–5)

were: 40 mg (22%) for 3, 36 mg (20.5%) for 4 and 32 mg (18%) for 5.

3′-N-(1-Hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-6-yl)sulfonyl AmB (6). The

solution of 1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-6-yl)sulfonyl chloride

(35 mg, 0.16 mmol), AmB(1) (138 mg, 0.15 mmol) and Et3N (75 μl,

0.50 mmol) in the mixture of DMF: Py (1.4 ml, v/v, 1:1) was stirred at room

temperature for 16 h. Then, 1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-6-yl)

sulfonyl chloride (32 mg, 0.15 mmol) and Et3N (30 μl, 0.20 mmol) (pH= 8)

were added to the reaction mixture. The reaction mixture was stirred at room

temperature for 16 h, and then fivefold volume of Et2O was added. The target

compound was separated from the reaction mixture and purified by the

procedure described for compounds 3–5. Yield: 27 mg (16%).

3′-N-(1-Hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-methyl)-AmB (7) and 3′-N,

N-di(1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-methyl)-AmB (8). 1-Hydroxy-

1,3-dihydrobenzo[c][1,2]oxaborole-6-carbaldehyde (110 mg, 0.66 mmol) was added

portionwise during 1 h to the stirred suspension of AmB (1) (200 mg, 0.22 mmol)

in dry DMF (8 ml), then NaBH3CN (41 mg, 0.65 mmol) was added in three

portions during 30 min. The reaction mixture was stirred at room temperature for

16 h. A mixture of acetone and ethyl ether (1:1, 30 ml) was added to the reaction

mixture. The resulting precipitate was filtered off and dried. The crude precipitate

(313 mg) was purified by the column chromatography method on silica gel in

CHCl3�MeOH�H2O�HCOOH, 5:1:0.01:001 system. The fractions containing

the target compounds 7 or 8 were combined and concentrated in vacuum. The

residue was dissolved in a minimum volume of MeOH and then precipitated with

Table 3 Antifungal activity (MIC, μg ml−1) of AmB-benzoxaborole conjugates and AmB (1)

Comp. R NR’,R”

MICa (µg ml−1)

Candida 

albicans
ATCC 14053

Cryptococcus 

humicolus
ATCC 9949

Aspergillus 

niger ATCC 
16404

Fusarium 

oxysporum 
VKM F-140

AmB 
(1)

OH NH2 0.5 0.25 0.5 2

C16-Amide

2

B

OH

O

NH

NH2 8 4 8 >16

3’ -N-Acyl derivatives

3

OH

4 2 8 16

4 2 1 4 8

5 4 4 8 16

3’ -N-Sulfamide

6 OH 4 2 8 >16

3’ -N-alkyl derivatives

7

OH

1 0.25 0.5 4

8 2 1 1-2 8

C16-DMAE-amides of N-modified derivatives

9

HN
N

1 0.5 0.5-1 16

10 1 0.25 1 4

11 0.5 0.5 0.5 1

12

B

OH

O

CONH-

B

OH

O

CONH -

B

OH

O

CONH -

B

OH

O

SO2NH -

NH -

B

OH

O

--N B

OH

O

2

B

OH

O

CONH-

B

OH

O

SO2NH -

NH2

NH -

B

OH

O 1 1 1 2

Abbreviations: AmB, amphotericin B; DMAE-amide, 2-(N,N-dimethylamino)ethylamide.
aMICs are measured as the lowest concentrations of agents that prevent any visible growth. The results were reproduced at least three times, therefore, MIC is represented as a single value.
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the addition of ethyl ether (30 ml) to give a yellow solid which was filtered, washed

with ether and dried in vacuum. Yields: 32 mg of 7 (14%) and 40 mg of 8 (15%).

C16-DMAE-amide of 3′-N-[3-(1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-7-yl)

propanoyl] AmB (9). Amidation of N-[3-(1-hydroxy-1,3-dihydrobenzo[c]

[1,2]oxaborol-7-yl)propanoyl]-AmB (3) was carried out by the method

described above for the compound 2 starting from compound 3 (60 mg,

0.06 mmol) and hydrochloride of N1,N1-dimethylethane-1,2-diamine (40 mg,

0.32 mmol). The purification of crude 9 (~70 mg) was carried out by

the column chromatography method on silica gel in CHCl3�MeOH�

H2O�CH3COOH, (6:1:0.01:0.02) system. Yield: 35 mg (50%).

L-Glutamate salt of C16-DMAE-amide of 9 (9G). The amide 9 was converted

into DMAE salt 9G3 starting from equivalent amounts of 9 and L-Glu in the

mixture of DMSO-H2O. The resulting yellow powder 9G was characterized by

TLC, HPLC and NMR spectra. HPLC (Table 1) showed the presence of 9 with

Rt = 15.89. TLC (system BzlOH�H2O�AcOH (5:1:1, v/v) in comparison with

the control samples of 9 and Glu showed the presence of both components of

the salt with Rf= 0.3 for 9 (yellow and UV-visible spot) and Rf= 0.19 for L-Glu

(ninhydrin positive spot). Also, NMR spectra of the salt 9G showed the signals

of L-Glu additionally to the signals of 9 in equivalent amounts (S7).

C16-DMAE-amide of 3′-N-(1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-6-yl)

sulfonyl-AmB (10). Amidation of N-(1-hydroxy-1,3-dihydrobenzo[c][1,2]

oxaborol-6-yl)sulfonyl-AmB (10) was carried out by the method described

above for 2 starting from 6 (45 mg, 0.03 mmol) and hydrochloride of N1,

N1-dimethylethane-1,2-diamine (25 mg, 0.20 mmol). The purification of

crude 10 (~60 mg) was carried out by column chromatography on silica

gel in CHCl3�MeOH�H2O�CH3COOH, (6:1:0.01:0.02) system. Yield:

35 mg (50%).

C16-DMAE-amide of AmB (11). N-(2-Dimethylaminoethyl)amide of AmB

(11) was obtained as described for 2 starting from AmB (1) and N1,

N1-dimethylethane-1,2-diamine. The crude compound was purified by column

chromatography on silica gel in system CHCl3–MeOH–H2O–NH4OH

(65:30:5:1).Yield: 60%.

C16-DMAE-amide of 3′-N-(1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-

methyl)-AmB (12). 3′-N-(2-Dimethylaminoethyl)amide of N-(1-hydroxy-1,

3-dihydrobenzo [c][1,2] oxaborole-6-methyl)-AmB (12) was prepared as

described for 10 starting from N-(2-dimethylaminoethyl)amide of AmB (11)

and 1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborole-6-carbaldehyde. The crude

compound was purified by column chromatography on silica gel in system

CHCl3–MeOH–H2O–HCOOH (65:30:4:1). Yield: 25%.

Biology. Determination of in vitro antifungal, cytotoxicity and

hemolytic activities
Antifungal activity. Antifungal activity (MIC values) was determined using the

broth twofold microdilution method according to CLSI/NCCLS documents

M27-A, M27-S3, M38-A and M38-A2,14–17 (see also our previous articles).4,18

Yeast strains C. albicans ATCC 14053, C. humicolus ATCC 9949 and the

fungal strain A. niger ATCC 16404 were obtained from American Type Culture

Collection Manassas, VA, USA (ATCC). F. oxysporum VKM F-140 was from

Russian Collection of Microorganisms (G. K. Skryabin Institute of Biochemistry

and Physiology of Microorganisms, Russian Academy of Sciences, Pushchino,

Russia). RPMI 1640 medium with L-glutamine and phenol red, without sodium

bicarbonate, supplemented with 0.2% glucose (ICN Biomedicals, Irvine, CA,

USA) buffered with 0.165 M morpholinepropanesulfonic acid (MOPS, ACROS

Organics, Geel, Belgium), pH 7.0, was used in the study. New compounds were

dissolved in dimethyl sulfoxide (DMSO) at 1600 μg ml− 1. Serial dilutions

(down to 3.13 μg ml− 1) were prepared from stock solutions in the same

solvent, then diluted 50-fold in the test medium and then twice when

inoculated with the microbial suspension before incubation. The final solvent

concentration was 1%. MICs were measured after cultivation at 35 °C for 24 h

for yeast and 48 h for fungi as the lowest concentrations of agents that prevent

any visible growth.

Cell culture and cytotoxicity assays. The human colon carcinoma HCT116 cell

line (ATCC) was propagated in Dulbecco modified Eagle’s medium supple-

mented with 5% fetal calf serum, 2 mM L-glutamine, 100 units ml− 1 penicillin

and 100 μg ml− 1 streptomycin at 37 °C, 5% CO2 in a humidified atmosphere.

The cells in logarithmic phase of growth were used in the experiments. AmB

and its new derivatives were dissolved in DMSO as 10 mM stock solutions

followed by serial dilutions in water immediately before the experiments. The

cytotoxicity was determined in a formazan conversion assay (MTT-test).

Briefly, the cells (5× 103 in 190 μl of culture medium) were plated into a

96-well plate (Becton Dickinson, Franklin Lakes, NJ, USA) and treated

with 0.1% DMSO (vehicle control) or with 10 μM of compounds 6, 8, 12–17

(0.10–50 μM; each concentration in duplicate) for 72 h. After completion of

drug exposure, 50 μg of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide were added into each well for an additional 2 h. Formazan was

dissolved in DMSO, and the absorbance at 540 nm was measured. The cell

viability at a given drug concentration (% MTT conversion) was calculated as

the percentage of absorbance in wells with drug-treated cells to absorbance in

wells with DMSO-treated cells (100%).

Hemolytic activity. Erythrocytes were isolated from the peripheral blood of

healthy donors after incubation at 4 °С for 2–3 h. The red blood cell suspension

(100 μl) was pelleted, washed twice with saline, then the pellet was resuspended

in 500 μl saline or distilled water (positive control of hemolysis). The

compounds 1, 3, 5, 7–12 were added (final concentration 10 μM). The samples

were incubated for 1 h at 37 °С and centrifuged at 2000 r.p.m. for 1.5 min. The

OD of supernatants was measured on a Multiscan spectrophotometer FC

(Thermo Scientific) at a wavelength of 540 nm. The percent hemolysis was

calculated relative to positive control taken as 100%.
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