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Abstract An efficient multicomponent domino process that works un-
der mild conditions was used for the synthesis of systematically modi-
fied neomycin–sugar conjugates. The final aminoglycoside derivatives
were tested against methicillin-resistant Staphylococcus aureus, Klebsiel-
la, and E. coli strains, and show activity comparable to the parent antibi-
otics. Such a strategy can impact multicomponent combinatorial syn-
theses of diverse biologically active conjugates.

Key words multicomponent reaction, domino reaction, aminoglyco-
sides, carbodiimides, antibiotics

The discovery of streptomycin led off the aminoglyco-
side antibiotic era with the subsequent introduction of sev-
eral derivatives (e.g., neomycin, kanamycin) capable of cur-
ing previously untreatable life-threatening infections.1–5

However, aminoglycoside side effects and the emergence of
bacterial resistance have slowed down their use, raising in-
terest in finding new derivatives that overcome their re-
duced efficacy and undesirable effects.6,7 In this context, the
aminoglycoside scaffold remains an excellent starting point
for new antibiotics. Indeed, the design, synthesis, and anti-
bacterial activity of modified aminoglycosides or aminogly-
coside conjugates continue to be reported and investigat-
ed.8–15 However, the synthetic procedures exploited for the

synthesis of aminoglycoside derivatives require multistep
pathways, which are not ideal for the production of diverse
libraries.

To aid in this process, domino multicomponent reac-
tions (MCRs),16–21 providing access to molecular diversity
by conducting successive reactions in a reaction vessel
starting from three or more reactants, can markedly in-
crease the probability of finding novel active and selective
aminoglycoside antibiotics. Likely because of their multi-
functional nature, the MC synthesis of aminoglycoside de-
rivatives has received little attention and, to the best of our
knowledge, only one example has been reported dealing
with the functionalization of a fully protected neamine
core, by the well-known Ugi MC reaction.22 Herein, we re-
port the application of an innovative MC process recently
developed in our laboratories23–25 for the synthesis of a col-
lection of systematically modified neomycin–sugar conju-
gates. The new derivatives have been tested against patho-
genic and drug-resistant Gram-positive and Gram-negative
bacterial strains. Due to the flexibility and the mild condi-
tions required for the process, we anticipate that such a
strategy could be used in the future for the synthesis of li-
braries of new, differently substituted aminoglycoside con-
jugates and derivatives.

Recently, we have introduced a regiospecific MC domi-
no process, which is efficiently executed under very mild
conditions and utilizes easily accessible components such
as glycosyl azides, iso(thio)cyanates, fumaric acid mono-
esters, and amines (Scheme 1).26–31
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Thus, glycosyl azides A react with tert-butyl isocyanate
(B) in the presence of Ph3P (Staudinger reaction followed by
aza-Wittig reaction) giving rise to the formation of carbo-
diimides C. The reaction can be easily followed by TLC and
the resulting carbodiimide used in situ. Once carbodiimide
C is formed, the temperature is lowered to 0 °C and 2,4,6-
trimethylpyridine (TMP), amine E, then fumaric acid mono-
ester D are added in this sequence. Acid D reacts with car-
bodiimide C giving rise to the formation of O-acylisourea F
which undergoes an intramolecular aza-Michael reaction
producing the intermediate G. This step is highly regioselec-
tive since the attack arises from the less sterically hindered
primary sugar amine moiety rather than the bulky tert-bu-
tylamino moiety. Thus, the last step of the domino process
is the nucleophilic attack of amine E, which becomes in-
volved in the reaction once intermediate G is already

formed, at the carbonyl of intermediate G leading to the for-
mation of final compound H.

The efficiency and versatility of this process was likely
to be compatible with the aminoglycoside skeleton and
prompted us to explore the possibility of functionalizing
aminoglycosides, in particular neomycin, with carbohy-
drates. A priori, properly functionalized neomycin deriva-
tives can participate either as the azide, iso(thio)cyanate, or
amine component, leading to the formation of three differ-
ent conjugates. We envisioned the easiest way to initially
study application of the process to aminoglycoside chemis-
try would be use of a neomycin amine derivative as the nu-
cleophilic component. Indeed, due to the high solubility of
neomycin derivative 5 in the reaction medium (MeCN at
0 °C, Scheme 2), the difficult protection of all the neomycin
hydroxyl groups, which would have been otherwise neces-

Scheme 1  Mechanism of the MC domino process
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sary due to the possible interference of these groups in the
Staudinger step, can be avoided. Accordingly, we reacted (3-
azidopropyl)-O-acetyl-β-glucoside 1a with tert-butyl isocy-
anate (2) in the presence of Ph3P in MeCN at room tempera-
ture. Once the formation of the corresponding carbodiimide
3a was accomplished (ca. 12 h, as monitored by TLC), the
reaction temperature was lowered to 0 °C, and TMP and a
solution of neomycin derivative 5 in MeCN were added, fol-
lowed by fumaric acid monobenzyl ester (4). The neomy-
cin–glucose conjugate 6a was obtained as the only regioiso-

mer of an equimolecular mixture of two diastereoisomers
in satisfactory yield (Scheme 2).32

The complete regioselectivity was likely achieved be-
cause the less sterically hindered primary N-substituent on
the carbodiimide intermediate is much more reactive than
the tertiary tert-butyl N′-substituent in the intramolecular
aza-Michael step (see Scheme 1).26–31

Encouraged by this result, we went on to use several ap-
propriately protected glycosyl azides such as N-acetylglu-
cosamine 1b, mannose 1c, and disaccharide maltose 1d. In
all cases, the MC process worked well giving rise to the re-

Scheme 3  Synthesis and structures of the final neomycin–sugar conjugates 7a–e
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giospecific formation of the corresponding neomycin con-
jugates 6b–d, respectively, all in good yields (Scheme 2). Fi-
nally, to link together two aminoglycosides, a strategy that
has resulted in the discovery of more potent antibiotics in
the past,8–15 we carried out the reaction starting with nea-
mine derivative 1e. In this case, protection of the neamine
hydroxyl groups was required to avoid complications in the
Staudinger/aza-Wittig reaction, forming the corresponding
carbodiimide 3e. This reaction also proceeded smoothly,
producing neomycin–neamine conjugate 6e in a satisfacto-
ry yield.

The conjugates 6a–e were subjected to deprotection of
the hydroxyl and amino groups. Surprisingly, when glu-
cose–neomycin conjugate 6a was deacetylated with ethan-
olic methylamine, the tert-butylurea moiety reacted readily
with the benzyl ester yielding dihydrouracil heterocycle de-
rivative 7a (Scheme 3).33 Any attempts to selectively depro-
tect the hydroxyl groups without cyclization, such as treat-
ment with catalytic NaOMe or NaOH, failed, giving rise to
the formation of the corresponding dihydrouracil derivative
in lower yields. This unexpected cyclization likely reflects a
favorable conformation of precursor 6a, and perhaps the
stability of the resulting six-membered ring. Indeed, such
cyclization was observed with all the conjugates, giving rise
to the formation of the corresponding dihydrouracil–neo-
mycin derivatives in very good yields. Finally, upon treat-
ment of the cyclized intermediates with trifluoroacetic acid
(TFA) in CH2Cl2, followed by neutralization of the resulting
TFA salts with basic Amberlyst resin, the fully deprotected
conjugates 7a–e were also obtained in excellent yields.

Neomycin–sugar derivatives 7a–e were tested against
strains of resistant Gram-positive and Gram-negative bac-

teria, to determine their antibacterial potency. Neomycin B
was used as reference and tetracycline, tobramycin, vanco-
mycin, and ciprofloxacin served as positive controls for dif-
ferent bacterial strains. Minimum inhibitory concentrations
(MIC) in μg/mL were determined using microdilution assay.

The results obtained with Gram-negative bacterial
strains are summarized in Table 1. Disappointingly, neomy-
cin conjugates 7a–e were not active against drug-sensitive
or drug-resistant Pseudomonas aeruginosa strains PA01,
PA103, and PA ATCC 27853 (Table 1, entries 8–10), nor
against most strains of Acinetobacter baumannii (AB), a
Gram-negative opportunistic pathogen capable of causing
serious infections in immune-compromised patients (Table
1, entries 1–3). However, in the latter family, conjugates
7a,b,d were slightly active against AB ATCC 17978, though
less active than neomycin B and tetracycline (Table 1, entry
2). On the other hand, the conjugates showed good activity
against E. coli ATCC 25922 and K12 (Table 1, entries 4 and
5), with derivatives 7a,b,d,e as potent as the positive con-
trol ciprofloxacin in the case of strain K12. Finally, com-
pounds 7a,b,d were very active against Klebsiella pneumoni-
ae ATCC 700603 (Table 1, entry 7), even more potent than
the control tetracycline, with the maltose–neomycin deriv-
ative 7d in particular having an MIC value of 6.25 μg/mL.

With respect to Gram-positive bacteria, the conjugates
7a–e were tested against methicillin-resistant Staphylococ-
cus aureus (MRSA) and Staphylococcus epidermidis (SE). In
the case of MRSA, two different strains were used, and con-
jugates 7a,b,d,e appeared effective only against
ATCC 33591, though less effective than the parent neomy-
cin B and vancomycin control (Table 2, entries 1 and 2).
Noteworthy results were obtained against SE ATCC 12228,

Table 1  Minimum Inhibitory Concentration (MIC) against Gram-Negative Strains

MIC (μg/mL)

Entry Gram-negative bacteria Neo Be 7a 7b 7c 7d 7e Cipre Tetre Tobre

 1 AB ATCC 5075a >50 >50 >50 >50 >50 >50 6.25

 2 AB ATCC 17978a 0.78 25 12.5 50 12.5 50 6.25

 3 AB ATCC 19606a 25 >50 >50 >50 >50 >50 6.25

 4 EC ATCC 25922b 1.56 25 12.5 25 12.5 50 6.25

 5 EC K12b 3.12 12.5–6.25 12.5–6.25 25 6.25 12.5 12.5–6.25

 6 KP GNR1100c 6.25 50 50 >50 50 >50 6.25

 7 KP ATCC 700603c 6.25 12.5 12.5 50 6.25 25 25

 8 PA01d 12.5–6.25 >50 >50 >50 >50 >50 0.39

 9 PA103d 1.5 >50 >50 >50 >50 >50 0.39

10 PA ATCC 27853d 50–25 >50 >50 >50 50 >50 0.39
a AB = Acinetobacter baumannii.
b EC = Escherichia coli.
c KP = Klebsiella pneumoniae.
d PA = Pseudomonas aeruginosa.
e Neo B = neomycin B, used as reference; Cipr = ciprofloxacin, Tetr = tetracycline, Tobr = tobramycin, used as positive controls.
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with all the conjugates being more active than vancomycin,
and derivatives 7b,d only slightly less potent than neomy-
cin B (Table 2, entry 3).

To summarize, by applying a new MC domino process to
aminoglycoside components, we have efficiently synthe-
sized a collection of systematically modified neomycin–
sugar conjugates, starting from easily accessible reactants
under mild conditions and in good yield. The deprotection
reaction of the conjugates triggered an unexpected cycliza-
tion reaction leading to an aminoglycoside scaffold which is
tethered to the carbohydrate moiety through a dihydroura-
cil linker. The resulting conjugates were tested for their an-
tibacterial activity against resistant Gram-positive and
Gram-negative bacterial strains. Although the conjugates
exhibited limited improvement in potency, the chemistry
described here could be exploited for the simple prepara-
tion of new collections or libraries of differently substituted
aminoglycoside conjugates, thus facilitating the discovery
of new biologically active compounds for diverse applica-
tions.34–36

Commercially available reagent-grade solvents were employed, with-
out purification. TLC was run on silica gel 60 F254 (Merck). Flash
chromatography was performed with silica gel 60 (60–200 μm,
Merck). 1H NMR spectra were recorded on 400-MHz spectrometers.
Chemical shifts are expressed in ppm (δ), using TMS as internal stan-
dard for 1H and 13C nuclei (δH and δC = 0.00). ESI-MS was performed
with an Esquire 3000 Plus ion-trap mass spectrometer equipped with
an ESI source. Elemental analyses of the basic neomycin conjugates
were obtained on FlashEA 1112 NC analyzers. Glycosyl azides 1 were
prepared as described in the literature.7 Neomycin derivative 5 was
obtained as reported.9 Mueller Hinton broth used for sensitivity test-
ing was obtained from Hardy Diagnostics (Santa Maria, CA, USA).
Polystyrene 96-well microplates for minimum inhibitory concentra-
tion (MIC) testing were purchased from Corning Inc. (Corning, NY,
USA). Bacterial strains for sensitivity testing, including nine strains
from the American Type Culture Collection (ATCC; Manassas, VA,
USA): hospital-associated MRSA strain 33591, rendered resistant to
rifampicin by serial passage; USA300 MRSA strain TCH1516; SE
strains 12228 and 1457; Klebsiella pneumoniae strain 700603; Pseu-
domonas aeruginosa strains 27853, PA01, and PA103; E. coli strains
25922 and K12; Acinetobacter baumannii strains 5075, 19606, and

17978; K. pneumoniae strain GNR1100 (respiratory isolate), a clinical
isolate obtained from a tertiary academic hospital in the New York
metropolitan area. MIC values for aminoglycosides were determined
using broth microdilution in accordance with the Clinical Laboratory
Standards Institute guidelines (Performance Standards for Antimicro-
bial Susceptibility Testing, 19th Informational Supplement M100-S19,
Clinical and Laboratory Standards Institute,Wayne, PA, USA, 2008).
For the determination of the values, a VersaMax plate reader (Molec-
ular Devices, Mountain View, CA, USA), set at 600 nm wavelength, was
used.

Neomycin Conjugates 6a–e; General Procedure for the Multicom-

ponent Synthesis

To a stirred solution of glycosyl azide 1 (1 equiv) in MeCN (0.1 M),
tert-butyl isocyanate (2, 1.05 equiv) followed by Ph3P (1.05 equiv)
were added at r.t. The solution was stirred until complete formation
of the corresponding carbodiimide 3 was achieved (TLC monitoring).
The temperature was lowered to 0 °C and TMP (1 equiv), a solution of
neomycin derivative 5 (1 equiv) in a minimum amount of MeCN, then
a solution of fumaric acid monobenzyl ester (4, 1 equiv) in a mini-
mum amount of MeCN were added. The temperature was slowly left
to reach r.t. and the reaction, when finished (TLC monitoring, ca. 3 h),
was quenched with aqueous 1 N HCl. The mixture was extracted with
EtOAc, the organic phases were collected and dried over Na2SO4, the
solvent was removed under reduced pressure, and the crude was pu-
rified by flash chromatography to provide compounds 6a–e as yellow
oils.

Conjugate 6a

Mixture of two diastereoisomers; yield: 154 mg (76%).
Rf = 0.32 (CH2Cl2–MeOH, 90:10).
1H NMR (400 MHz, CD3OD): δ = 7.37–7.35 (m, 5 H, aromatics), 5.62
(br s, 1 H), 5.32 (br s, 1 H), 5.26–5.25 (m, 2 H), 5.15–5.14 (m, 2 H,
-OCHHPh and CH Asp), 5.10 (d, J = 12.8 Hz, 1 H, -OCHHPh), 5.02–5.00
(m, 2 H), 4.94–4.90 (m, 2 H), 4.67–4.65 (m, 2 H, -CHCH2OAc), 4.27–
4.26 (m, 2 H), 4.15–4.11 (m, 3 H), 3.91–3.78 (m, 4 H), 3.58–3.22 (m, 18
H), 2.89–2.88 (m, 2 H, -CH2CH2S-), 2.74–2.72 (m, 4 H, -CH2COOBn and
-SCH2CH-), 2.05–2.00 (m, 13 H, H-2 neomycin and 4 × COCH3), 1.77–
1.76 (m, 2 H, -CH2CH2CH2-), 1.46–1.43 (m, 55 H, H-2 neomycin and
6 × COOC(CH3)3), 1.35 (s, 9 H, -NHC(CH3)3).
13C NMR (100.6 MHz, CD3OD): δ = 170.1, 170.0, 169.8, 169.7, 169.4,
168.8, 168.4, 156.1, 155.7, 155.4, 155.3, 155.0, 134.6, 126.8, 126.7,
126.6, 126.5, 126.4, 126.3, 120.2, 99.3, 99.2, 99.0, 79.9, 78.0, 77.8,

Table 2  Minimum Inhibitory Concentration (MIC) against Gram-Positive Strains

MIC (μg/mL)

Entry Gram-positive bacteria Neo Bc 7a 7b 7c 7d 7e Vancomycinc

1 MRSA TCH1516a >50 >50 >50 >50 >50 >50 3.12

2 MRSA ATCC 33591a 3.12 12.5 12.5 >50 6.25 12.5 3.12

3 SE ATCC 12228b 0.39 1.56 0.78 3.12 0.78 1.56 6.25–3.12

4 SE ATCC 1457b ≥50 50 ≥50 ≥50 25 25–12.5 6.25
a MRSA = methicillin-resistant Staphylococcus aureus.
b SE = Staphylococcus epidermidis.
c Neo B = neomycin B, used as reference; vancomycin used as positive control.
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77.6, 72.8, 71.7, 71.5, 70.6, 70.2, 70.1, 68.8, 67.2, 67.0, 66.2, 65.8, 64.9,
64.8, 60.3, 54.9, 54.2, 50.9, 49.5, 49.4, 41.2, 39.9, 37.3, 33.0, 32.9, 29.9,
27.7, 27.6, 27.0, 26.3, 26.2, 26.0, 18.1, 17.9.
ESI-MS: m/z (%) = 1990.4 [M + Na]+ (100), 1968.4 [M + H]+ (12).
Anal. Calcd for C88H143N9O38S: C, 53.73; H, 7.33; N, 6.41. Found: C,
53.76; H, 7.31; N, 6.43.

Conjugate 6b

Mixture of two diastereoisomers; yield: 163 mg (62%).
Rf = 0.12 (CH2Cl2–MeOH, 90:10).
1H NMR (400 MHz, CD3OD): δ = 7.40–7.38 (m, 5 H, aromatics), 5.36
(br s, 1 H), 5.26–5.18 (m, 5 H), 5.14 (d, J = 12.4 Hz, 1 H, -OCHHPh),
5.02–5.01 (m, 1 H), 4.98 (s, 1 H), 4.90–4.88 (m, 1 H), 4.67–4.65 (m, 3
H), 4.30–4.28 (m, 3 H), 4.15–4.11 (m, 3 H), 3.96–3.94 (2 H), 3.83–3.81
(m, 4 H), 3.58–3.22 (m, 14 H), 2.94–2.92 (m, 2 H, -CH2CH2S-), 2.80–
2.76 (m, 4 H, -CH2COOBn and -SCH2CH-), 2.05–2.00 (m, 13 H, H-2
neomycin, 4 × COCH3), 1.81–1.79 (m, 2 H, -CH2CH2CH2-), 1.50–1.48
(m, 55 H, H-2 neomycin and 6 × COOC(CH3)3), 1.46 (s, 9 H, -NHC(CH3)3).
13C NMR (100.6 MHz, CD3OD): δ = 170.3, 169.6, 169.5, 169.1, 168.5,
156.2, 155.7, 155.4, 155.0, 126.8, 126.6, 126.5, 108.3, 99.6, 99.5, 98.0,
96.6, 78.0, 77.7, 76.7, 72.9, 71.8, 71.6, 71.4, 70.7, 70.3, 70.2, 68.9, 67.7,
67.5, 66.5, 65.7, 65.6, 64.9, 60.6, 55.1, 52.7, 49.4, 41.5, 40.0, 39.0, 37.5,
37.0, 35.5, 33.1, 32.9, 32.7, 29.9, 28.5, 27.7, 27.6, 27.3, 27.1, 27.0, 26.4,
26.2, 26.1, 20.3, 20.2, 20.1, 18.0, 17.9.
ESI-MS: m/z (%) = 1989.1 [M + Na]+ (100).
Anal. Calcd for C88H144N10O37S: C, 53.76; H, 7.38; N, 7.12. Found: C,
53.78; H, 7.33; N, 7.13.

Conjugate 6c

Mixture of two diastereoisomers; yield: 172 mg (71%).
Rf = 0.35 (CH2Cl2–MeOH, 90:10).
1H NMR (400 MHz, CD3OD): δ = 7.37–7.35 (m, 5 H, aromatics), 5.27–
5.24 (m, 3 H), 5.17–5.16 (m, 3 H), 5.12–5.11 (m, 2 H), 4.94 (m, 1 H),
4.83–4.81 (m, 2 H), 4.68–4.66 (m, 2 H, -CHCH2OAc), 4.24–4.21 (m, 2
H), 4.11–4.10 (m, 2 H), 4.02–4.00 (m, 1 H), 3.92–3.91 (m, 1 H), 3.78–
3.77 (m, 1 H), 3.72–3.71 (m, 1 H), 3.49–3.26 (m, 19 H), 3.21–3.11 (m, 1
H), 2.90–2.89 (m, 2 H, -CH2CH2S-), 2.82–2.81 (m, 2 H, -CH2COOBn),
2.75–2.73 (m, 2 H, -SCH2CH-), 2.13–2.03 (m, 13 H, H-2 neomycin and
4 × COCH3), 2.03–2.01 (m, 2 H, -CH2CH2CH2-), 1.46–1.44 (m, 55 H, H-2
neomycin and 6 × COOC(CH3)3), 1.35 (s, 9 H, -NHC(CH3)3).
13C NMR (100.6 MHz, CD3OD): δ = 170.2, 169.8, 169.7, 168.9, 168.8,
168.7, 156.1, 155.8, 155.4, 155.1, 134.6, 126.9, 126.7, 126.6, 96.2, 80.0,
78.0, 77.7, 76.6, 72.9, 71.9, 70.7, 70.3, 68.9, 68.1, 67.2, 65.1, 65.0, 64.8,
64.2, 61.0, 58.8, 55.4, 54.2, 49.3, 33.2, 33.0, 27.3, 27.2, 27.1, 27.0, 26.4,
26.3, 26.2, 26.1, 18.1, 18.0, 17.9.
ESI-MS: m/z (%) = 1990.4 [M + Na]+ (21), 1968.4 [M + H]+ (100).
Anal. Calcd for C88H143N9O38S: C, 53.73; H, 7.33; N, 6.41. Found: C,
53.75; H, 7.36; N, 6.44.

Conjugate 6d

Mixture of two diastereoisomers; yield: 156 mg (77%).
Rf = 0.43 (CH2Cl2–MeOH, 90:10).
1H NMR (400 MHz, CD3OD): δ = 7.37–7.35 (m, 5 H, aromatics), 5.38–
5.36 (m, 3 H), 5.32–5.29 (m, 2 H), 5.28 (dd, J = 9.2, 3.2 Hz, 1 H), 5.16–
5.14 (m, 2 H), 5.11 (m, 1 H), 5.04 (d, J = 12.8 Hz, 1 H, -OCHHPh), 5.02
(d, J = 12.8 Hz, 1 H, -OCHHPh), 4.95–4.94 (m, 2 H), 4.87–4.86 (m, 3 H),
4.79–4.77 (m, 1 H), 4.67–4.65 (m, 2 H, -CHCH2OAc), 4.55 (m, 1 H,

-CHCHHOAc), 4.52 (m, 1 H, -CHCHHOAc), 4.25–4.23 (m, 3 H), 4.13–
4.11 (m, 3 H), 3.92–3.90 (m, 3 H), 3.78–3.76 (m, 4 H), 3.51–3.20 (m, 22
H), 2.89–2.88 (m, 2 H, -CH2CH2S-), 2.74–2.72 (m, 4 H, -CH2COOBn and
-SCH2CH-), 2.05–2.00 (m, 13 H, H-2 neomycin and 4 × COCH3), 1.77–
1.76 (m, 2 H, -CH2CH2CH2-), 1.46–1.43 (m, 55 H, H-2 neomycin and
6 × COOC(CH3)3), 1.35 (s, 9 H, -NHC(CH3)3).
13C NMR (100.6 MHz, CD3OD): δ = 169.5, 169.2, 169.0, 168.8, 168.4,
156.2, 155.4, 155.0, 134.6, 126.8, 126.6, 126.5, 126.4, 94.4, 80.0, 78.0,
77.6, 73.9, 72.9, 72.2, 71.8, 70.9, 70.2, 69.0, 68.1, 67.2, 67.1, 66.2, 65.7,
64.9, 61.5, 60.4, 55.6, 50.9, 49.4, 33.0, 32.7, 29.9, 27.9, 27.6, 27.1, 27.0,
26.4, 26.2, 26.1, 18.4, 18.2, 18.1, 18.0, 17.9, 17.8.
ESI-MS: m/z (%) = 2277.7 [M + Na]+ (100).
Anal. Calcd for C100H159N9O46S: C, 53.25; H, 7.11; N, 5.59. Found: C,
53.26; H, 7.14; N, 5.61.

Conjugate 6e

Mixture of two diastereoisomers; yield: 97 mg (58%).
Rf = 0.23 (CH2Cl2–MeOH, 80:20).
1H NMR (400 MHz, CD3OD): δ = 7.37–7.35 (m, 5 H, aromatics), 5.32
(br s, 1 H), 5.28–5.27 (m, 2 H), 5.18–5.11 (m, 3 H), 5.10–5.08 (m, 2 H,
-OCHHPh and CH Asp), 4.95 (s, 1 H), 4.90–4.84 (m, 2 H), 4.23–4.20 (m,
2 H), 3.92–3.89 (m, 2 H), 3.73–3.71 (m, 5 H), 3.49–3.11 (m, 24 H),
2.89–2.88 (m, 2 H, -CH2CH2S-), 2.74–2.72 (m, 4 H, -CH2COOBn and -
SCH2CH-), 2.25 (m, 2 H, -NHCOCH2-), 1.98–1.93 (m, 14 H, H-2 neomy-
cin and neamine, 4 × COCH3), 1.55–1.51 (m, 4 H, -CH2CH2CH2CH2-),
1.46–1.43 (m, 83 H, H-2 neomycin and neamine, 9 × COOC(CH3)3),
1.30 (s, 9 H, -NHC(CH3)3).
13C NMR (100.6 MHz, CD3OD): δ = 173.6, 173.2, 170.2, 169.8, 169.2,
168.9, 168.4, 168.0, 156.1, 155.4, 155.0, 154.7, 134.6, 130.9, 130.8,
130.4, 96.7, 78.3, 78.0, 77.8, 77.7, 76.2, 74.0, 73.0, 70.7, 70.2, 67.4,
66.8, 65.2, 65.0, 64.9, 55.6, 51.5, 49.8, 49.2, 37.4, 36.8, 33.8, 33.5, 33.1,
32.6, 28.2, 27.9, 27.2, 26.4, 26.2, 26.1, 26.0, 25.9, 21.4, 21.3, 18.3, 18.2,
18.0, 17.9.
ESI-MS: m/z (%) = 2474.0 [M + Na]+ (100).
Anal. Calcd for C111H183N13O45S: C, 54.38; H, 7.52; N, 7.43. Found: C,
54.40; H, 7.56; N, 7.45.

Neomycin–Dihydrouracil Conjugates 7a–e; General Procedure

To a stirred solution of a neomycin conjugate 6 (1 equiv) in EtOH (0.1
M), a ca. 8.03 M solution of MeNH2 in EtOH (1:1 v/v) was added at r.t.
After the reaction was complete (TLC monitoring, ca. 2 h), the organic
solvents were evaporated. The crude was treated with TFA in CH2Cl2
(50% v/v) for 2 h. The solvents were evaporated and co-evaporated
with toluene twice. The obtained crude was dissolved in water and
washed twice with CH2Cl2. The aqueous solution was lyophilized to
obtain the clean neomycin–dihydrouracil–sugar conjugates 7·6 TFA as
fluffy white solids. The resulting salts were dissolved in water and ac-
tivated basic Amberlyst resin was added until basic pH was reached.
The mixture was filtered and the water lyophilized to obtain conju-
gates 7 as fluffy white solids.

Conjugate 7a·TFA

Mixture of two diastereoisomers; yield: 67 mg (75%).
1H NMR (400 MHz, D2O): δ = 6.00 (d, J = 4.0 Hz, 1 H, H-1′ neomycin),
5.35 (s, 1 H, H-1′′ neomycin), 5.25 (s, 1 H, H-3′ neomycin), 4.36 (m, 2
H), 4.26 (m, 2 H), 4.18 (m, 3 H), 4.05 (t, J = 9.6 Hz, 1 H), 3.97 (t, J = 9.2
Hz, 1 H), 3.86 (m, 5 H), 3.78 (s, 1 H), 3.68–3.28 (m, 15 H), 3.19 (m, 3
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H), 3.05 (m, 1 H), 2.87 (m, 2 H), 2.65 (m, 4 H), 2.43 (m, 1 H, 2-desox-
ystreptamine CHH), 1.88 (m, 1 H, 2-desoxystreptamine CHH), 1.81
(m, 2 H, -OCH2CH2CH2N-), 1.50 (s, 9 H, C(CH3)3).
13C NMR (100.6 MHz, D2O): δ = 175.9, 170.8, 162.6 (q, J = 36.2 Hz,
CF3COOH), 158.8, 116.3 (q, J = 290.7 Hz, CF3COOH), 110.4, 102.3, 95.6,
95.0, 85.5, 80.2, 78.7, 76.0, 75.9, 75.8, 75.1, 73.7, 73.3, 72.5, 70.8, 70.2,
69.8, 68.1, 67.8, 67.6, 67.4, 60.9, 58.3, 56.4, 56.1, 53.6, 51.0, 49.7, 48.5,
40.6, 40.3, 38.4, 38.0, 34.5, 30.5, 27.9, 27.3, 27.2.
ESI-MS: m/z (%) = 1112.4 [M + Na]+ (21), 1090.4 [M + H]+ (100).
Anal. Calcd for C43H79N9O21S: C, 47.37; H, 7.30; N, 11.56. Found: C,
47.39; H, 7.31; N, 11.58.

Conjugate 7b·TFA

Mixture of two diastereoisomers; yield: 54 mg (79%).
1H NMR (400 MHz, D2O): δ = 6.01 (d, J = 4.0 Hz, 1 H, H-1′ neomycin),
5.38 (s, 1 H, H-1′′ neomycin), 5.28 (s, 1 H, H-3′ neomycin), 4.38 (m, 2
H), 4.28 (m, 2 H), 4.20 (m, 2 H), 4.05 (t, J = 10.0 Hz, 1 H), 3.99 (t, J = 8.8
Hz, 1 H), 3.88 (m, 3 H), 3.81 (s, 1 H), 3.67 (m, 3 H), 3.58–3.29 (m, 17
H), 3.26 (dd, J = 13.6, 6.8 Hz, 1 H), 3.06 (m, 1 H), 2.85 (m, 2 H), 2.77–
2.73 (m, 4 H), 2.67 (s, 3 H, -NHCOCH3), 2.47 (m, 1 H, 2-desox-
ystreptamine CHH), 1.89 (m, 1 H, 2-desoxystreptamine CHH), 1.74
(m, 2 H, -OCH2CH2CH2N-), 1.51 (s, 9 H, C(CH3)3).
13C NMR (100.6 MHz, D2O): δ = 176.0, 175.9, 174.9, 174.6, 170.9,
162.7 (q, J = 36.2 Hz, CF3COOH), 159.0, 158.7, 116.5 (q, J = 291.7 Hz,
CF3COOH), 112.1, 110.5, 102.1, 101.5, 95.8, 95.1, 85.6, 80.4, 78.9, 78.8,
76.1, 76.0, 75.3, 74.2, 74.1, 74.0, 73.9, 72.6, 70.9, 70.8, 70.4, 70.2, 70.1,
69.8, 68.2, 67.9, 67.7, 67.6, 61.0, 60.9, 60.8, 59.3, 57.2, 56.4, 56.1, 55.8,
55.7, 53.9, 53.8, 51.1, 49.8, 48.7, 40.7, 40.4, 38.8, 38.7, 38.6, 38.5, 38.3,
34.7, 34.6, 34.5, 34.3, 30.8, 30.7, 29.9, 28.8, 28.1, 28.0, 27.3, 26.1, 22.4,
22.3.
ESI-MS: m/z (%) = 1131.3 [M + H]+ (25), 566.1 [M + H]2+ (100).
Anal. Calcd for C45H82N10O21S: C, 47.78; H, 7.31; N, 12.38. Found: C,
47.81; H, 7.30; N, 12.40.

Conjugate 7c·TFA

Mixture of two diastereoisomers; yield: 64 mg (82%).
1H NMR (400 MHz, D2O): δ = 6.02 (d, J = 3.6 Hz, 1 H, H-1′ neomycin),
5.38 (s, 1 H, H-1′′ neomycin), 5.28 (s, 1 H, H-3′ neomycin), 4.29 (m, 2
H), 4.22 (m, 2 H), 4.11 (m, 2 H), 4.08 (t, J = 8.8 Hz, 1 H), 4.01 (t, J = 9.6
Hz, 1 H), 3.88 (m, 5 H), 3.71 (s, 1 H), 3.68–3.28 (m, 16 H), 3.14 (m, 1
H), 3.05 (m, 1 H), 2.87 (m, 2 H), 2.65 (m, 4 H), 2.48 (m, 1 H, 2-desoxy-
streptamine CHH), 1.92 (m, 1 H, 2-desoxystreptamine CHH), 1.82 (m,
2 H, -OCH2CH2CH2N-), 1.52 (s, 9 H, C(CH3)3).
13C NMR (100.6 MHz, D2O): δ = 175.8, 175.7, 174.9, 170.7, 164.9,
162.2 (q, J = 37.2 Hz, CF3COOH), 158.6, 158.5, 116.1 (q, J = 290.7 Hz,
CF3COOH), 110.4, 100.0, 99.9, 95.7, 94.9, 85.5, 80.2, 78.8, 75.1, 73.8,
72.8, 72.7, 72.5, 70.8, 70.3, 69.7, 68.1, 67.6, 67.5, 66.9, 65.4, 65.2, 61.0,
58.3, 56.2, 56.0, 53.7, 51.1, 49.7, 48.6, 40.6, 40.4, 38.7, 38.6, 38.3, 37.0,
34.6, 34.5, 34.3, 34.2, 31.6, 30.7, 30.6, 28.0, 27.9, 27.8, 27.1, 26.3, 21.2.
ESI-MS: m/z (%) = 1112.4 [M + Na]+ (52), 1090.4  [M + H]+ (100).
Anal. Calcd for C43H79N9O21S: C, 47.37; H, 7.30; N, 11.56. Found: C,
47.38; H, 7.30; N, 11.55.

Conjugate 7d·TFA

Mixture of two diastereoisomers; yield: 62 mg (72%).
1H NMR (400 MHz, D2O): δ = 6.13 (d, J = 4.0 Hz, 1 H, H-1′ neomycin),
5.49 (s, 1 H, H-1′′ neomycin), 5.44 (s, 1 H, H-3′ neomycin), 5.38 (s, 1 H,
H-1′ maltose), 4.48 (m, 3 H), 4.39 (m, 2 H), 4.31 (m, 2 H), 4.18 (t,

J = 9.6 Hz, 1 H), 4.11 (t, J = 8.0 Hz, 1 H), 4.07 (m, 4 H), 3.98 (m, 2 H),
3.68–3.28 (m, 22 H), 3.17 (m, 1 H), 2.96 (m, 2 H), 2.80 (m, 6 H), 2.58
(m, 1 H, 2-desoxystreptamine CHH), 2.01 (m, 1 H, 2-desox-
ystreptamine CHH), 1.94 (m, 2 H, -OCH2CH2CH2N-), 1.63 (s, 9 H,
C(CH3)3).
13C NMR (100.6 MHz, D2O): δ = 176.0, 170.8, 162.8 (q, J = 35.2 Hz,
CF3COOH), 158.8, 116.2 (q, J = 291.7 Hz, CF3COOH), 110.5, 102.1, 99.6,
95.6, 95.0, 85.5, 78.7, 78.6, 77.0, 76.9, 76.3, 76.2, 75.1, 74.6, 73.7, 73.1,
72.9, 72.8, 72.7, 72.6, 72.5, 71.7, 70.7, 70.2, 69.6, 69.5, 69.4, 68.0, 67.8,
67.7, 67.6, 67.4, 60.8, 60.7, 60.5, 58.2, 53.6, 50.9, 49.6, 48.9, 48.4, 40.5,
40.4, 40.2, 38.5, 38.4, 38.3, 38.2, 34.4, 34.1, 34.0, 30.4, 28.1, 27.9, 27.3,
27.1.
ESI-MS: m/z (%) = 1252.5 [M + H]+ (100).
Anal. Calcd for C49H89N9O26S: C, 46.99; H, 7.16; N, 10.07. Found: C,
47.01; H, 7.18; N, 10.09.

Conjugate 7e

Mixture of two diastereoisomers; yield: 34 mg (64%).
1H NMR (400 MHz, D2O): δ = 5.66 (s, 1 H, H-1′ neomycin), 5.65 (s, 1 H,
H-1′ neamine), 5.43 (s, 1 H, H-1′′ neomycin), 5.34 (s, 1 H, H-3′ neomy-
cin), 4.41 (m, 1 H), 4.36–4.32 (m, 2 H), 4.17 (m, 2 H), 4.05 (t, J = 9.6 Hz,
1 H), 4.01 (t, J = 8.0 Hz, 1 H), 3.88–3.83 (m, 7 H), 3.57–3.10 (m, 14 H),
3.07 (m, 4 H), 2.76–2.71 (m, 6 H), 2.49 (m, 3 H), 2.26 (m, 5 H), 2.91 (m,
2 H, 2-desoxystreptamine CHH), 1.63 (m, 2 H), 1.48 (m, 2 H), 1.29 (s, 9
H, C(CH3)3).
13C NMR (100.6 MHz, CD3OD): δ = 174.2, 173.9, 172.6, 168.6, 157.8,
156.2, 108.7, 95.8, 95.7, 78.6, 74.1, 71.4, 71.3, 70.8, 70.7, 70.5, 70.2,
67.6, 67.5, 66.4, 53.1, 50.2, 48.7, 48.5, 48.0, 47.6, 39.3, 38.9, 38.5, 37.4,
33.6, 33.4, 28.1, 27.9, 27.2, 27.1, 26.3, 26.2, 21.3.
ESI-MS: m/z (%) = 1274.2 [M + H]+ (100).
Anal. Calcd for C51H95N13O22S: C, 48.06; H, 7.51; N, 14.29. Found: C,
48.08; H, 7.55; N, 14.32.
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