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Abstract. MicroRNAs are small non-coding RNAs playing a key role in the regulation of gene ex-

pression. The overexpression of microRNAs in cancer has been recognized not only as a specific
biomarker but also as a potential target to inhibit cancer cell proliferation or increase their sensitiv-
ity to chemotherapy. In this work, we present 2-deoxystreptamine as an ideal platform for the design
and synthesis of selective RNA binders directed against the biogenesis of an oncogenic microRNA:
miR-372. The developed compounds have been designed to bind to the structured precursor of this
microRNA and block its processing toward the mature miRNA (miR-372). The performed affinity and
selectivity studies revealed that one of the prepared binders is particularly selective for the targeted
miRNAs and shows a very promising activity in inhibiting the production of the mature miRNAs.

Keywords. RNA ligands, RNA targeting, MicroRNAs, 2-Deoxystreptamine, Carbamates.

Note. Article submitted by invitation.

Manuscript received 19 September 2025, revised 6 October 2025, accepted 8 October 2025.

1. Introduction

Targeting RNA using synthetic small molecules has
become an important field of medicinal chem-
istry [1]. Indeed, the targeting of biologically relevant
RNAs is an interesting approach for the discovery
of innovative therapies because of the essential role
that RNA plays in all major biological processes [2].
Noteworthy, RNA bears a tridimensional structure
associating single-stranded and double-stranded
regions and leading to the formation of stem-loop
structures containing internal loops and bulges that
create ideal binding sites for small-molecule ligands
due to the distortion of the RNA double helix [3]. A
number of RNA binders has been reported in the
literature during the last twenty years against viral,
bacterial and oncogenic RNAs [4]. Furthermore,
drugs acting as RNA binders are already on the mar-
ket, such as the antibiotic aminoglycosides or mRNA
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splicing modulators, such as risdiplam [5]. However,
methods to rationally design ligands specific to a
particular RNA structure remain underdeveloped
because of a lack of knowledge about the tridimen-
sional structure of most RNA targets as well as about
the interactions formed by the reported ligands [1].
During thelast years, our group has focused on the
targeting of non-coding RNAs, such as microRNAs
(miRNAs or miRs). These small non-coding RNAs
are responsible for the regulation of gene expres-
sion [6]. They are produced in the cell starting from
two precursors: primary miRNAs (pri-miRNAs) fol-
lowed by precursor miRNAs (pre-miRNAs) upon pro-
cessing by intracellular ribonucleases called Drosha
and Dicer, respectively (Figure 1A). These precur-
sors are stem-loop-structured RNAs and have been
reported as targets for small molecules. In this
context, we reported various series of compounds
whose synthesis was performed using a focused de-
sign [7-14] based on the conjugation of various
RNA-binding domains that act cooperatively to bind
the RNA target with both affinity and selectivity.

https://comptes-rendus.academie-sciences.fr/chimie/


https://doi.org/10.5802/crchim.426
https://orcid.org/0000-0002-2666-6180
mailto:maria.duca@univ-cotedazur.fr
https://comptes-rendus.academie-sciences.fr/chimie/

912 Thi Phuong Anh Tran et al.

A B v
D, nucleobase 2-DOS 2.D0S
4 n = !
L ; ~ m H gzN NH;
—_— WN 5 R
Mature \ il U \ N\/\o P “oH
miRNA = H OH
(+)-DOS-D, New series of 2-DOS derivatives
Kp=2.52+0.58 uM R = aromatic and heteroaromatic
Cancer cells
Oncogenic proliferation ICs; =159 1.8 UM motifs
pre-miRNA

Figure 1. (A) General process of pre-miRNA cleavage by Dicer to produce the mature miRNA. When
the miRNA is oncogenic, its production induces the proliferation of cancer cells, and the pre-miRNA
represents a potential target for small molecules to block cancer cell proliferation. (B) Chemical structure
of a previously identified pre-miR-372 binder based on 2-DOS conjugated via a triazole linker to a
heteroaromatic motif to form DOS-Dj3. (C) General chemical structure of the 2-DOS conjugates prepared

in this study.

More specifically, several binding domains such as
aminoglycosides, heteroaromatic compounds, and
amino acids [10,11,13,14] were combined to synthe-
size ligands directed against the production of miR-
372, an oncogenic miRNA involved in various can-
cers [15,16], such as gastric cancer. This work al-
lowed us to develop optimized compounds with a
specific antiproliferative activity in gastric adenocar-
cinoma cells overexpressing miR-372. The mecha-
nism of this inhibition was clearly identified as result-
ing from the binding to pre-miR-372 and the inhibi-
tion of Dicer processing leading to mature miRNA.
Among these ligands, there were a series of con-
jugates containing the 2-deoxystreptamine (2-DOS)
core linked to various heteroaromatic compounds
via a triazole linker [17]. This led us to the discov-
ery of compound DOS-Dj3 (Figure 1B), which showed
alow micromolar affinity for pre-miR-372 as well as a
low micromolar ICsq for the inhibition of Dicer pro-
cessing. This compound is composed of a 2-DOS
structure, present in most of the aminoglycoside an-
tibiotics that act by binding to prokaryotic riboso-
mal RNA thus impairing protein synthesis in bacte-
ria, coupled via a triazole linker to an artificial nucle-
obase called D3. While 2-DOS is known to strongly
interact with RNA but lacks selectivity, the heteroaro-
matic moiety D3 is known to selectively interact with
AeU base pairs via the formation of specific hydro-
gen bonds to form a base triplet [18]. Thus, deriva-
tives combining 2-DOS and more selective substruc-
tures (such as D3 for example) have the advantage of
bearing more favorable physicochemical properties
than their aminoglycoside counterpart while main-
taining a similar affinity for RNA. In this work, we de-

cided to explore the carbamate linker as a replace-
ment for the triazole one to modify the properties
of the compounds (Figure 1C). Indeed, while both
triazole and carbamate are commonly employed in
medicinal chemistry, the carbamate linker is more
flexible and could improve affinity and binding prop-
erties [19]. Carbamates can serve as both hydrogen-
bond donors and acceptors and, since they are ge-
ometrically and electronically closer to amides than
triazoles, they can better mimic peptide-like motifs,
peptides being the RNA binders chosen by Nature.

We thus prepared a series of nine derivatives
where 2-DOS was conjugated with a carbamate linker
to aromatic and heteroaromatic compounds. These
new derivatives have been studied against our pri-
mary target, pre-miR-372, but also against other miR-
NAs that could represent potential targets or com-
petitors. The study of the affinity, selectivity and inhi-
bition activity for the processing of these miRNAs re-
vealed a promising selectivity profile for some com-
pounds that could be exploited for future intracellu-
lar studies.

2. Results and discussion
2.1. Synthesis of 2-deoxystreptamine derivatives

2-DOS represents an ideal platform for the develop-
ment of RNA binders since it bears two cis-amino
groups recognized as very important for RNA bind-
ing and hydroxyl groups that can be functional-
ized [20,21]. We thus decided to substitute one
of the hydroxyl groups with various aromatic and
heteroaromatic substituents via the formation of
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Scheme 1. Synthesis of new carbamate derivatives of 2-DOS 4a-i.

a carbamate linker. Carbamates show many ad-
vantages, such as the ability to permeate the cell
membrane as well as a particular chemical stabil-
ity. For these reasons, carbamates have been used
in the design of various drugs, such as 3- and y-
secretase inhibitors, carbamate-based Hepatitis C
virus (HCV) therapeutics or cysteine-protease in-
hibitors [19]. To prepare new conjugates with 2-
DOS, we chose to conjugate various aromatic and
heteroaromatic compounds (R in Figure 1B). First,
we chose phenyl substituents containing or not flu-
orine atom(s) because this kind of substituent could
interact with RNA by forming hydrophobic inter-
actions or through unusual hydrogen bonds medi-
ated by the fluorine atoms. Then, we chose het-
eroaromatic compounds such as imidazole, benzim-
idazole, pyridine, and the previously employed D3
nucleobase [N-(3-(1-(3-aminopropyl)-1H-imidazol-
4-yl)phenyl)benzamide]. To obtain a novel series of
ligands with high RNA binding affinity and miRNA
inhibitory activity, we thus employed commercially
available substrates as well as starting materials
prepared using straightforward synthetic pathways.
To synthesize the carbamate compounds, we de-
cided to start from the previously prepared protected
racemic compound 1 [17] and to use two approaches
(Scheme 1): (i) preparation of the activated carbon-

ate 2 followed by amine substitution leading to com-
pounds 3a—f, and (ii) reaction of the free alcohol of 1
with various isocyanates leading to compounds 3g-i.

Following the first strategy, compound 1 was
converted into its corresponding activated -car-
bonate 2 in the presence of 4-nitrophenyl chlo-
roformate in CH,Cl,. Compound 2, obtained in
93% yield, was then coupled with suitable (het-
ero)aromatic compounds bearing amine groups in
order to form the desired carbamate derivatives.
We selected five commercially available amines for
the synthesis of compounds 3a—e and an artificial
nucleobase that we had previously prepared for
the synthesis of neomycin and 2-DOS derivatives,
e.g., the N-(3-(1-(3-aminopropyl)-1H-imidazol-4-
ylphenyl)benzamide [22] also called D3 for the
preparation of compound 3f and to achieve struc-
tural diversity of synthesized ligands (Figure S1, Sup-
porting Information for the chemical structures of
amine derivatives). The reaction of the amines with
carbonate 2 was carried out in the presence of EtsN
in CH2Cl, at 50 °C leading to the protected carba-
mate derivatives 3a—f in 33-88% yields. Removal of
the Boc and acetal protecting groups of compounds
3a-f was performed in one step under acidic condi-
tions (TFA in a mixture of CH,Cl,/water 2:1) and in
the presence of tripropylsilane (5%) as a scavenger.
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The final compounds 4a—f were obtained in 22-67%
yields.

Concomitantly to the preparation of carbamate
derivatives 4a—f, we also decided to prepare new
conjugates upon reaction of commercially available
isocyanates with compound 1. As illustrated in
Scheme 1, treatment of three isocyanates, whose
chemical structures are illustrated in Figure S2, with
protected 2-DOS 1 in the presence of EtsN at 50 °C,
led to the desired carbamates 3g-i in 56-90% yields.
The final deprotection of these conjugates using TFA
and TIS (5%) in a mixture of CH,Cl,/H,0 (2:1) al-
lowed the obtention of the final compounds 4g—
i, which were isolated in 52-100% yield after pu-
rifications using semi-preparative HPLC. All con-
jugates were fully characterized by NMR, HRMS,
and HPLC.

2.2. Evaluation of the affinity and inhibition ac-
tivity of the synthesized 2-DOS conjugates

Once the compounds synthesized and characterized,
we evaluated their affinity for pre-miR-372 but also
for other microRNAs to assess the extent of selectivity
that could be reached by these compounds. For this,
pre-miR-17 as well as pre-miR18a, pre-miR-148a,
and pre-miR-210 were chosen. The corresponding
miRNAs are overexpressed in different types of can-
cers thus representing interesting RNAs to assess se-
lectivity but also as potential targets. The evaluation
of the affinity was performed using established as-
says where the target RNA is 5'-labeled with a fluo-
rophore (fluoresceine) and incubated with increas-
ing concentrations of the synthesized compounds. If
a compound binds to the RNA target, the environ-
ment of the fluorophore changes and induces a dose-
dependent variation in fluorescence. This allows the
measurement of dissociation constants (Kp) for all
compounds against the five chosen pre-miRNAs. The
results reported in Table 1 demonstrated that among
all tested compounds, only three displayed an affinity
for the pre-miRNAs studied: compounds 4c, 4f, and
4h. Compounds 4c and 4h showed affinity only for
one pre-miRNA each, i.e., pre-miR-210 for 4c (Kp =
42.3 uM) and pre-miR-372 for 4h (Kp of 38.4 uM).
These results, although moderate, suggest that these
compounds could be further studied to optimize
them in order to obtain selective compounds for one
targeted RNA structure. Compound 4f strongly binds

to both pre-miR-372 (Kp of 2.36 uM) and pre-miR-
17 (Kp = 1.88 uM), while the affinity decreases at
least ten times when tested on other pre-miRNAs. To
further confirm the selectivity of compound 4f, we
tested it in competition with other nucleic acids, i.e.,
a large excess (100 equiv) of tRNA and DNA, and the
obtained results showed that 4f maintains its affinity
for pre-miR-372 in both cases (data not shown).

Interestingly, compound 4f exhibits the same
affinity as the previous hit of the triazole series DOS-
D3 (Figure 1A) suggesting that the linker does not
affect the affinity. We thus wondered if the modifi-
cation of the linker from triazole to carbamate was
affecting the inhibition activity. To assess this pa-
rameter, we employed a FRET-based assay that we
had previously validated to measure the ability of a
compound to block Dicer processing by binding to a
pre-miRNA.

Compounds 4f (Figure 2A) and DOS-D3 (Fig-
ure 2B) exhibit similar affinity for both pre-miR-372
and pre-miR-17. In contrast, compound 4f shows a
11.3 uM ICs for the inhibition of pre-miR-372 pro-
cessing but cannot inhibit Dicer processing of pre-
miR-17 (Figure 2C). Derivative DOS-D3 can inhibit
the processing of pre-miR-372 and pre-miR-17 with
similar ICsps of 15.9 and 17.6 uM, respectively (Fig-
ure 2D). So, while DOS-D3 does not show selectiv-
ity between pre-miR-372 and pre-miR-17 in binding
and inhibition activities, compound 4f, while bind-
ing both, inhibits only the processing of pre-miR-372.
This could be due to differences in the binding site
that could be much more favorable for inhibition in
the case of pre-miR-372 than in pre-miR-17 and this
result further supports the selectivity of compound 4f
for the targeted miRNA.

2.3. Study of the binding site of compound 4f

To gain a better understanding of differences in the
inhibition activity between pre-miR-372 and -17 for
compound 4f, we employed molecular docking and
explored what could be the site of interaction of 4f
on the two RNA structures. MC-Fold/MC-Sym, a
program allowing RNA-structure prediction, was pre-
viously employed to predict the structural organi-
zation and the double-helix region of multiple pre-
miRNAs [23]. Here, we employed the pre-miR-372
and pre-miR-17 structures obtained by integrating
the MC-Fold/MC-Sym and AutoDock programs [24].
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Figure 2. (A) Dissociation constants curves for compound 4f against pre-miR-372 (full black squares)
and pre-miR-17 (empty grey squares) with the associated Kp values. (B) Dissociation constants curves
for compound DOS-Dj3 against pre-miR-372 (full black circles) and pre-miR-17 (empty grey circles) with
the associated Kp values. (C) Inhibition curves for the processing of pre-miR-372 (full black squares)
and pre-miR-17 (empty grey squares) by Dicer in the presence of compound 4f and the associated ICsg
values. (D) Inhibition curves for the processing of pre-miR-372 (full black circles) and pre-miR-17 (empty
grey circles) by Dicer in the presence of compound DOS-D3 and the associated ICsq values.

Table 1.
against pre-miR-372, -17, -18a, -148a, and -210

Dissociation constants (Kp, pM) for synthesized compounds 4a-i and for reference DOS-D3

ID Kp (pre-miR-372) Kp (pre-miR-17) Kp (pre-miR-18a) Kp (pre-miR-148a) Kp (pre-miR-210)

4a No binding >50 No binding No binding No binding
4b >50 >50 No binding No binding No binding
4c No binding >50 No binding No binding 423175

4d No binding >50 No binding No binding No binding
4e No binding No binding No binding No binding No binding
4f 2.36 + 0.32 1.88 + 0.22 20.2+1.85 33.5+0.35 35.7 £ 0.42
4g No binding No binding No binding No binding No binding
4h 38.4+11 No binding No binding No binding No binding
4i >50 >50 No binding No binding No binding

DOS-D3 2.52+£0.58 0.880 £ 0.075

Binding studies were performed on 5 -FAM-pre-miR-372 in 20 mM Tris-HCI buffer (pH 7.4), 12 mM NaCl,

2.5 mM MgCl,, and 1 mM DTT.

The exploration of the binding site of compound 4f
on pre-miR-372 showed that this compound likely in-
teracts with residues A11-G14 and U49-C51 where
a G-bulge as well as an internal G-loop open the
duplex region offering a favorable binding site (Fig-
ure 3). Compared to our previous study about the
DOS-D3 compound, the binding site has changed.

This highlights how minor changes in the chemical
structure of an RNA ligand unexpectedly modify its
binding site, rendering unpredictable which modifi-
cations should be performed to improve binding.
The results described above, however, support a
selective binding to pre-miR-372. While the bind-
ing site of 4f on pre-miR-372 was confirmed in
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Pre-miR-372 target

Figure 3. (A) Primary and secondary structures of pre-miR-372 RNA target. (B) Docking of compound
4f with the pre-miR-372 hairpin loop performed using Autodock 4 in which the grid boxes were fixed on
the entire RNA sequence. (C) Chemical structure of compound 4f and detail of the binding pocket and

interactions formed.

all binding poses obtained after docking, we found
many possible binding sites in the case of pre-miR-
17 binding. The one that occurs most frequently is
located in the internal loop CA/GUA located in the
lower-stem part of the pre-miRNA (Figure S4). These
results suggest that binding to pre-miR-372 is much
more efficient than to pre-miR-17 in inhibiting Dicer
processing, due to differences in the binding site and
interactions.

3. Conclusion

In this work, we successfully synthesized a new se-
ries of 2-DOS conjugates using a divergent synthetic
method that led to nine new compounds. Some
of these compounds can bind to the desired target
pre-miR-372, the precursor of oncogenic miR-372,
with low micromolar affinities making them interest-
ing compounds, especially compound 4f, able to in-
hibit Dicer processing of this pre-miRNA. Interest-
ingly, compound 4f is also selective since the com-
parison of its affinity with pre-miR-17, -18a, -148a,
and -210 showed that 4f binds to pre-miR372 and
pre-miR-17 with similar activities but not to the other
pre-miRNAs. Furthermore, compound 4f showed a
specific inhibition of pre-miR-372 processing while

the other pre-miRNAs were not affected. Molecular
docking showed that the binding site of 4f on the pre-
miR-372 structure is much more favorable for inhibi-
tion than the one on pre-miR-17 thus explaining the
specificity observed in inhibition activity. It is im-
portant to note that compound 4f derives from the
conjugation of 2-DOS with an artificial nucleobase
via a carbamate linker and that we previously studied
the same conjugate but containing a triazole linker:
compound DOS-D3. Both compounds show simi-
lar activity on pre-miR-372 but only 4f shows a spe-
cific inhibition activity. Furthermore, the modifica-
tion from a triazole to a carbamate linker induced a
major change in the binding site on the pre-miR-372
structure. This further supports an observation that
we made for many series of RNA ligands before: what
could be considered minor changes in the chemical
structure of an RNA binder induces major modifica-
tions in the binding site and eventual biological activ-
ity. This represents one of the major limitations when
designing RNA binders since it hampers our ability to
predict the chemical modifications that should be in-
troduced to improve binding based on the structure
of the target. The study presented here contributes
to a better understanding of the binding and inhi-
bition activity of this kind of 2-DOS derivatives and
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more generally to the rules that govern RNA binding
to small molecules.

4. Experimental section
4.1. Chemistry

Reagents and solvents were purchased from Merck
or Carlo Erba and used without further purification.
All reactions that involved air- or moisture-sensitive
reagents or intermediates were performed under an
argon atmosphere. Flash column chromatography
was carried out on silica gel (Merck; SDS 60 A, 40-
63 uM, VWR). Analytical TLC was conducted on pre-
coated silica gel plates (60F254; Merck) and com-
pounds were visualized by irradiation (A = 254 nm) or
by staining with ninhydrin. 'H and '*C NMR spectra
were recorded on Bruker AC 200 and 500 MHz spec-
trometers. Chemical shifts are reported in parts per
million (ppm, 6) referenced to the residual 1H reso-
nance of the solvent (CDCl3 6 7.26; CD30D 6 3.31;
DMSO-dg 6 2.50; acetone-dg 6 2.05 ppm). Splitting
patterns are labeled as follows: s (singlet), d (dou-
blet), t (triplet), m (multiplet), and br s (broad sin-
glet). Coupling constants (J) are listed in hertz (Hz).
High resolution mass spectrometry (HRMS) was car-
ried out on an LTQ Orbitrap hybrid mass spectrom-
eter with an electrospray ionization probe (Thermo
Fisher Scientific, San Jose, CA) by direct infusion from
a pump syringe, to confirm the correct molar mass
and high purity of the compounds. HPLC analyses
were performed using a Waters Arc HPLC pump cou-
pled to a Waters 2998 photodiode array detector and
Waters Cortex® C18+ column (50 x 4.6 mm, 2.7 pm).
Analyses were run at room temperature by using a
gradient of CH3CN containing 0.1% formic acid (elu-
ent B) in water containing 0.1% formic acid (eluent A)
at a flow rate of 1.5 mL/min. The gradient of elution
employed was 5 to 40% eluent B over 5 min and 40 to
100% eluent B over 2 min.

1,3-Bis- N-(tert-butyloxycarbonyl)-5,6- O-cyclohe-
xylidene-2-deoxystreptamine (1) was prepared fol-
lowing a previously published procedure [17].

4.2. General protocol of carbamate synthesis
starting from the activated carbonate of 2
(General procedure A)

To a stirred solution of compound 2 (100 mg,
0.16 mmol) in CH»Cl, (5 mL), were added triethy-

lamine (25 pL, 0.18 mmol, 1.1 equiv) and the appro-
priate amine (commercially available benzylamine,
3-fluorobenzylamine, 1-(3-aminopropyl)imidazole,
2-aminobenzimidazole, 3-aminopyridine and the
prepared N-(3-(1-(3-aminopropyl-1H-imidazol-4-
ylphenyl)benzamide (see below) (0.18 mmol, 1.1
equiv) at room temperature. After stirring for 24 h
at rt or at 50 °C, the reaction mixture was evapo-
rated under reduced pressure, and the crude residue
was purified by flash chromatography on a silica gel
column.

4.3. General protocol of carbamate synthesis
starting from protected 1 (General proce-
dure B)

To a solution of compound 1 (100 mg, 0.23 mmol)
in CHCl, (5 mL), were added triethylamine
(47.4 pL, 0.34 mmol, 1.5 equiv) and the appro-
priate isocyanate (butyl isocyanate, 2,4-dichloro-
1-(2-isocyanatoethyl)benzene and 1-fluoro-4-(2-
isocyanatoethyl)benzene, 0.34 mmol, 1.5 equiv). Af-
ter stirring for 24 h at 50 °C, the reaction was concen-
trated in vacuo, and the residue was purified by silica
gel column chromatography.

4.4. General procedure for cleavage of the Boc
and acetal groups (General procedure C)

To a solution of protected compounds 3a-iin CH,Cl,
and H»O0 (3:1), was added TFA (50 equiv). The reac-
tion mixture was stirred at rt overnight. Solvent and
residues of TFA were then removed under reduced
pressure by co-evaporating twice with toluene. Ether
precipitation led to pure compounds as white solids
(TFA salts).

4.5. N-3-(1-(3-aminopropyl-1H-imidazol-4-
yDphenyDbenzamide (Ds)

To a solution of the previously described N-(3-
(1H-imidazol-4-yl)phenyl)benzamide (250 mg,
0.95 mmol) in dry THF (10 mL), were added
sodium hydride (45.6 mg, 1.9 mmol, 2 equiv) and
3-(Boc-amino)propyl bromide (317 mg, 1.42 mmo],
1.4 equiv), and the reaction mixture was stirred
overnight at 60 °C. After evaporation of the sol-
vent, the crude residue was dissolved in EtOAc and
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washed three times with H,O. The organic phase
was dried over reduced pressure. The residue was
then purified by flash chromatography on a silica
gel column using a mixture of CH»Cl,/MeOH 98:2
leading to the desired protected compound as a
light yellow solid. This compound was then de-
protected using TFA (61 pL, 0.79 mmol, 10 equiv)
in CH»Cl, (0.6 mL) at rt for 3 h. After evaporation
of the solvent and removal of the residual TFA by
co-evaporation with toluene, the crude product was
purified by flash chromatography on a silica gel
column using a mixture of CH,Cl,/MeOH 9:1 lead-
ing to the desired protected compound as a light
yellow solid in 73% yield (300 mg) over two steps.
Rp = 0.20 (CH,Cl,/MeOH 8:2); '"H NMR (200 MHz,
CD30D) 6 (ppm): 8.10-7.90 (m, 3H), 7.80-7.70 (m,
2H), 7.65-7.50 (m, 5H), 7.40-7.30 (m, 1H), 4.20-
4.10 (t, J = 6.0 Hz, 2H), 2.70-2.60 (m, 2H), 2.10-
1.95 (m, 2H); '3C NMR (50 MHz, CD30D) § (ppm):
161.5, 157.9, 148.3, 144.9, 140.2, 138.9, 136.1, 132.8,
129.6, 128.6, 121.9, 120.7, 118.3, 117.1, 45.6, 38.1,
34.7; MS (ESD) m/z = 321.2 [M+H]* (theoretical
m/z321.0).

4.6. 1,3-Bis-N-(tert-butyloxycarbonyl)-5,6-O-
cyclohexylidene-2-deoxystreptamine-4-O-
[p-nitrophenyl] carbonate (2)

To a solution of commercially available p-
nitrophenyl chloroformate (980 mg, 4.86 mmol,
3.5 equiv) in CH»Cl, (5 mL), were added pyridine
(461 pL, 5.72 mmol, 4 equiv) and compound 1
(633 mg, 1.43 mmol). The reaction mixture was
stirred for 45 min at rt and then washed twice with
H,0 (2 x 20 mL). The organic phase was dried over
MgSO4. Concentration under reduced pressure fol-
lowed by flash chromatography on a silica gel col-
umn using a mixture cyclohexane/EtOAc 6:4 led
to desired compound 2 as a white solid in 93%
yield (807 mg). Rr = 0.52 (cyclohexane /EtOAc
6:4); '"H NMR (200 MHz, CD30D) § (ppm): 8.33
(d, J = 10.2 Hz, 2H), 7.47 (d, J = 10.2 Hz, 2H),
5.02-4.92 (m, 1H), 3.84-3.50 (m, 4H), 2.18-2.09
(m, 1H), 1.60-1.50 (m, 10H), 1.45 (br s, 18H),
1,31-1.29 (m, 1H); '¥C NMR (50 MHz, CD30D) &
(ppm): 157.7, 157.0, 153.5, 146.9, 126.27, 123.1,
113.8, 80.5, 79.7, 79.0, 51.7, 37.4, 37.2, 28.7, 26.1,
24.7; MS (ESI) m/z = 630.4 [M+Na]" (theoretical
m/z630.3).

4.7. 1,3-Bis-N-(tert-butyloxycarbonyl)-5,6-O-
cyclohexylidene-2-deoxystreptamine-4-N-
benzylcarbamate (3a)

General procedure A was employed for the reaction
between compound 2 (100 mg) and commercially
available benzylamine (20 pL). Compound 3a was
obtained after purification by flash chromatogra-
phy on a silica gel column using a mixture cy-
clohexane/EtOAc 6:4 as a white solid in 88% yield
(81 mg). Rr =0.25 (cyclohexane/EtOAc 8:2); IH NMR
(200 MHz, CDCl3) 6 (ppm): 7.34-7.24 (m, 5H), 4.30
(brs, 2H), 3.68-3.33 (m, 5H), 2.57-2.51 (m, 1H), 1.60-
1.50 (m, 8H), 1.42-1.10 (m, 21H); '*C NMR (50 MHz,
CDCl3) 6 (ppm): 156.2, 155.3, 138.1, 128.8, 127.7,
127.6, 112.9, 80.0, 79.0, 74.6, 51.8, 36.4, 31.1, 29.8,
28.5, 25.1, 23.8; MS (ESI) m/z = 576.5 [M+H]" (the-
oretical m/z576.3).

4.8. 1,3-Bis-N-(tert-butyloxycarbonyl)-5,6-O-
cyclohexylidene-2-deoxystreptamine-4-0O-
[N-m-fluorobenzyl]-N-methyl  carbamate
(3b)

General procedure A was employed for the re-
action between compound 2 (100 mg) and 3-
fluorobenzylamine (24.7 pL). Purification by flash
chromatography on a silica gel column using a mix-
ture cyclohexane/EtOAc 7:3 afforded the desired
product 3b in 83% yield (80.7 mg). Rr = 0.54 (cyclo-
hexane/EtOAc 6:4); 1H NMR (200 MHz, CD30D) 6
(ppm): two isomers (minor one in italic): 7.38-7.28
(m, 1H), 7.08-6.96 (m, 3H), 4.96-4.85 (m, 2H), 4.58—
4.38 (d, J = 15.8 Hz, 2H), 4.20-4.12 (d, J = 16.0 Hz,
1H), 3.76-3.46 (m, 4H), 2.89 (s, 3H), 2.85 (s, 3H), 2.18-
2.10 (m, 1H), 1.65-1.25 (m, 29H); '3C NMR (50 MHz,
CD30D) é (ppm): 166.9, 162.0, 158.1, 157.7, 157.3,
141.7, 131.4, 124.6, 115.4, 114.9, 113.4, 80.2, 79.8,
79.6, 76.8, 53.0, 52.7, 52.2, 52.1, 37.3, 37.1, 34.6, 34.3,
30.7, 28.7, 26.1, 24.7; MS (ESI) m/z 608.5 [M+H]*
(theoretical m/z 608.3).

4.9. 1,3-Bis-N-(tert-butyloxycarbonyl)-5,6-O-
cyclohexylidene-2-deoxystreptamine-4-N-
(n-propylimidazole) carbamate (3c)

General procedure A was employed for the reaction
between compound 2 (100 mg) and commercially
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available 1-(3-aminopropyl)imidazole (21.3 pL).
Compound 3c was obtained after purification by
flash chromatography on a silica gel column using a
mixture CH,Cl,/MeOH 95:5 as a white solid in 80%
yield (76 mg). Rp = 0.53 (CH»Cl,/MeOH 9:1); Iy
NMR (200 MHz, CD30D) 6 (ppm): 7.75 (br s, 1H),
7.18 (br s, 1H), 7.00 (br s, 1H), 4.83-4.79 (m, 1H),
4.07 (t, ] = 6.2 Hz, 2H), 3.72-3.43 (m, 4H), 3.11 (g,
J = 6.2 Hz, 2H), 2.18-2.09 (m, 1H), 1.97 (quintuplet,
J = 6.2 Hz, 2H), 1.60-1.50 (m, 8H), 1.45-1.29 (m,
21H,); '3C NMR (50 MHz, CD30D) & (ppm): 158.5,
157.7,135.5, 120.8, 113.3, 112.4, 80.3, 79.7, 75.5, 52.4,
45.2, 38.5, 37.3, 37.2, 32.5, 28.7, 26.1, 24.7; MS (ESD):
m/z594.4 [IM+H]" (theoretical m/z594.3).

4.10. 1,3-Bis-N-(tert-butyloxycarbonyl)-5,6-O-
cyclohexylidene-2-deoxystreptamine-4-N-
(benzimidazole)carbamate (3d)

General procedure A was employed for the reaction
between compound 2 (100 mg) and commercially
available 2-aminobenzimidazole (21.3 mg). Com-
pound 3d was obtained after purification by flash
chromatography on a silica gel column using a mix-
ture cyclohexane /EtOAc 1:1 as a white solid in 67%
yield (64.4 mg). Rr = 0.23 (cyclohexane/EtOAc 6:4);
'H NMR (200 MHz, DMSO-d6) § (ppm): 7.69 (br s,
1H), 7.19-7.11 (m, 4H), 7.00-6.92 (m, 1H), 5.13 (t,
J = 10.3 Hz, 1H), 4.09-3.97 (m, 2H), 3.74-3.76 (m,
1H), 1.95-1.90 (m, 1H), 1.55-1.13 (m, 29H); '*C NMR
(50 MHz, DMSO-d6) 6 (ppm): 155.1, 154.9, 153.3,
150.4, 142.8, 129.9, 120.0, 115.3, 114.3, 111.3, 78.0,
77.9, 77.8, 76.9, 35.9, 35.8, 28.2, 23.4, 23.3; MS (ESI)
miz 602.2 [M+H]* (theoretical m/z 602.3).

4.11. 1,3-Bis-N-(tert-butyloxycarbonyl)-5,6-O-
cyclohexylidene-2-deoxystreptamine-4-N-
(pyridine)carbamate (3e)

General procedure A was employed for the reaction
between compound 2 (100 mg) and commercially
available 3-aminopyridine (16.9 mg). The reaction
mixture was heated to 50 °C. Purification by flash
chromatography on a silica gel column using a mix-
ture CH,Cl,/MeOH 95:5 afforded desired compound
3e as a white solid in 33% yield (29.7 mg). Rp = 0.46
(CH,Cl,/MeOH 98:2); 'H NMR (200 MHz, CD30D) &
(ppm): 8.64 (br, 1H), 8.19 (dd, J = 4.1, 2.3 Hz), 8.00

(dd, J=4.1,2.3Hz), 7.40 (q, / = 4.1 Hz, 1H), 5.02-4.97
(m, 1H), 3.80-3.47 (m, 4H), 2.13 (td, J = 6.3, 4.1 Hz,
1H), 1.60-1.50 (m, 9H), 1.46-1.20 (m, 20H); MS (ESI)
m/z563.5 [M+H]* (theoretical m/z 563.3).

4.12. 1,3-Bis-N-(tert-butyloxycarbonyl)-5,6-O-
cyclohexylidene-2-deoxystreptamine-4-N-
(D3) carbamate (3f)

General procedure A was employed for the reac-
tion between compound 2 (100 mg) and N-3-(1-(3-
aminopropyl-1H-imidazol-4-yl) phenyl)benzamide
(78.1 mg). The reaction mixture was heated to 50 °C.
Purification by flash chromatography on a silica gel
column using a mixture CH,Cl,/MeOH 95:5 afforded
desired compound 3e as a white solid in 33% yield
(41.6 mg). R = 0.45 (CH»Cl,/MeOH 9:1); 'H NMR
(200 MHz, CD30D) 6 (ppm): 9.57 (s, 1H), 8.30 (s, 1H),
8.05 (d, J = 3.0 Hz, 2H), 7.80-7.50 (m, 8H), 7.35-7.25
(m, 1H), 6.70-6.60 (m, 1H), 6.40-6.30 (m, 1H), 6.10-
6.00 (m, 1H), 5.00-4.90 (m, 1H), 4.14 (t, J = 2.5 Hz,
2H), 3.90-3.80 (m, 1H), 3.80-3.60 (m, 4H), 3.00-2.90
(m, 2H), 2.30-2.20 (m, 1H), 1.60-1.50 (m, 11H), 1.41
(s, 18H); 13C NMR (50 MHz, CD30D) § (ppm): 171.3,
166.3, 157.6, 157.4, 156.1, 140.5, 168.7, 136.7, 136.4,
132.3, 129.5, 129.2, 128.4, 120.9, 118.9, 117.3, 116.3,
112.2,79.0, 74.7, 55.0, 52.5, 44.7, 38.5, 37.5, 37.0, 36.9,
25.6, 24.4; MS (ESI) m/z 563.5 [M+H]" (theoretical
m/z 563.3).

4.13. 1,3-Bis-N-(tert-butyloxycarbonyl)-5,6-O-
cyclohexylidene-2-deoxystreptamine-4-N-
(n-butyl) carbamate (3g)

General procedure B was employed for the reac-
tion between compound 1 (100 mg) and butyl iso-
cyanate (38.3 uL). Compound 3g was obtained af-
ter purification of the crude product by flash chro-
matography on a silica gel column using a mixture
cyclohexane/EtOAc 7:3 as a white solid in 90% yield
(112 mg). Rp = 0.61 (cyclohexane/EtOAc 6:4); 'H
NMR (200 MHz, CD30D) 6 (ppm): 4.84-4.74 (m, 1H),
3.70-3.41 (m, 4H), 3.10 (t, J = 6.1 Hz, 2H), 2.17-2.05
(td, J = 4.2, 12.4 Hz, 1H), 1.60-1.50 (m, 9H), 1.55—
1.41 (m, 24H), 1.17 (t, J = 6.1 Hz, 1H), 0.95 (t, J =
6.1 Hz, 3H); '3C NMR (50 MHz, CD30D) & (ppm):
158.4, 157.7, 113.3, 79.7, 79.7, 75.3, 52.4, 41.5, 37.3,
33.1, 28.7, 26.1, 24.7, 20.9, 14.16; MS (ESI) m/z 542.4
[M+H]" (theoretical m/z542.3).
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4.14. 1,3-Bis-N-(tert-butyloxycarbonyl)-5,6-O-
cyclohexylidene-2-deoxystreptamine-4-N-
[n-ethyl-(2 4 -dichlorophenyl)] carbamate
(3h)

General procedure B was employed for the reaction
between compound 1 (100 mg) and 2,4-dichloro-1-
(2-isocyanatoethyl)benzene (56 pL). Compound 3h
was obtained after purification of the crude product
by flash chromatography on a silica gel column using
a mixture cyclohexane/EtOAc 85:15 as a white solid
in 56% yield (85 mg). R = 0.64 (cyclohexane/EtOAc
6:4); 'H NMR (200 MHz, acetone-d6) § (ppm): 7.46—
7.30 (m, 3H), 6.57 (br, 1H), 4.92-4.82 (m, 1H), 3.77-
3.53 (m, 4H), 3.39-3.29 (m, 2H), 3.00-2.89 (m, 2H),
2.31-2.24 (m, 1H), 1.60-1.50 (m, 9H), 1.62-1.28 (m,
20H); 3C NMR (50 MHz, Acetone-d6) 5 (ppm): 157.1,
156.1, 136.9, 135.4, 133.3, 133.2, 129.7, 128.1, 112.2,
79.1, 78.9, 74.7,52.5, 49.2, 41.2, 37.4, 33.1, 28.6, 27.5,
25.7, 24.4; MS (ESI) m/z =658.1 [M+H]* (theoretical
m/z 658.3).

4.15. 1,3-Bis-N-(tert-butyloxycarbonyl)-5,6-O-
cyclohexylidene-2-deoxystreptamine-4-N-
[n-ethyl-(4' -fluorophenyl)] carbamate (3i)

General procedure B was employed for the reaction
between compound 1 (100 mg) and commercially
available 1-fluoro-4-(2-isocyanatoethyl)benzene
(49 pL). Compound 3i was obtained after purifi-
cation of the crude product by flash chromatog-
raphy on a silica gel column using a mixture cy-
clohexane/EtOAc 8:2 as a white solid in 59% yield
(82 mg). Ry = 0.53 (cyclohexane/EtOAc 6:4); 'H NMR
(200 MHz, acetone-d6) 6 (ppm): 7.26-6.93 (m, 4H),
4.81-4.77 (m, 1H), 3.71-3.34 (m, 4H), 3.33-3.26 (m,
2H), 2.88-2.77 (m, 2H), 2.16-2.09 (m, 1H), 1.60-1.50
(m, 7H), 1.47-1.29 (m, 22H); 3C NMR (50 MHz,
acetone-d6) 6 (ppm): 158.3, 157.7, 136.4, 133.3,
131.6, 131.4, 116.2, 115.8, 113.3, 80.3, 79.7, 75.4,
71.34, 52.4, 43.5, 37.3, 37.3, 36.2, 28.7, 26.11, 24.74,
23.94; MS (ESD: m/z = 608.1 [M+H]" (theoretical
m/z 608.3).

4.16. 2-Deoxystreptamine-4-O-(N-phenyl) car-
bamate (4a)
General procedure C was applied for the protection

of compound 3a (50 mg, 0.087 mmol) in the pres-
ence of TFA (323 uL, 50 equiv) and triethylsilane

(TIS, 0.89 uL, 4.3 nmol, 0.05 equiv) in a mixture
of CH,Cl, and H,O (2.6 mL, 3:1). Compound 4a
was obtained as a white solid in 44% yield (20 mg).
tg = 0.68 min (analytical HPLC method); '"H NMR
(200 MHz, CD30D) 6 (ppm): 7.33-7.23 (m, 5H), 4.77-
4.67 (m, 1H), 4.34 (q, J = 15.2 Hz, 2H), 3.68-3.38
(m, 3H), 3.25-3.22 (m, 1H), 2.48-2.41 (m, 1H), 1.90-
1.69 (m, 1H); '3C NMR (50 MHz, CD30D) § (ppm):
156.2, 140.1, 129.5, 128.8, 128.4, 128.2, 76.2 75.2,
51.3,45.9, 30.1; HRMS (ESI) m/z = 296.16061 [M+H]*
(C14H2204N3 requires 296.16048).

4.17. 2-Deoxystreptamine-4' -O-[N-m-
fluorophenyl]-N-methyl carbamate (4b)

General procedure C was applied for the deprotec-
tion of compound 3b (80 mg, 0.13 mmol) in the pres-
ence of TFA (489 uL, 50 equiv) and TIS (1.33 uL,
6.5 mmol, 0.05 equiv) in a mixture of CH,Cl, and
H,0 (4.5 mL, 3:1). Compound 4b was obtained as a
white solid in 67% yield (48 mg). tz = 0.79 min (ana-
lytical HPLC); 'H NMR (500 MHz, CD30D) § (ppm):
two isomers (minor one in italics): 7.37-7.32 (m, 1H),
7.18-6.98 (m, 3H), 4.84-4.73 (m, 2H), 4.37 (d, J =
16.0 Hz, 2H), 4.30 (d, J = 15.5 Hz, 1H), 3.56-3.45 (m,
3H), 3.26-3.20 (m, 1H), 2.96 (s, 3H), 2.87 (s, 3H), 2.49-
2.47 (m, 1H), 1.90-1.83 (m, 1H); 13C NMR (125 MHz,
CD30D) 6 (ppm) two isomers (minor one in italics):
165.5, 163.6, 141.5, 131.5, 124.7, 115.6, 115.1, 76.4,
77.4,74.9, 54.8, 53.2, 52.9, 51.3, 51.2, 34.7, 34.4, 30.3;
HRMS (ESI) m/z = 328.16681 [M+H]* (C;5H2304N3F
requires 328.16671).

4.18. 2-Deoxystreptamine-4-O-(N-propylimida-
zole) carbamate (4c)

General procedure C was applied for the deprotec-
tion of compound 3¢ (78 mg, 0.13 mmol) in the pres-
ence of TFA (483 uL, 50 equiv) and TIS (1.33 uL,
6.5 mmol, 0.05 equiv) in a mixture of CH,Cl, and H,O
(4.2 mL, 3:1). Compound 4c was obtained as a color-
less solid in 61% yield (25 mg). tg = 0.68 min (analyti-
cal HPLC); "H NMR (200 MHz, CD30D) & (ppm): 8.96
(brs, 1H), 7.69 (brs, 1H), 7.58 (brs, 1H), 4.82-4.76 (m,
1H), 3.45 (t, ] = 6.3, 2H), 3.49-3.16 (m, 4H), 3.14 (t, J
= 6.3 Hz, 2H), 2.51-2.40 (m, 1H), 2.15-2.11 (m, 2H),
1.63-1.29 (m, 29H); '3C NMR (50 MHz, CD30D) &
(ppm): 158.4,133.2,121.7,111.4,76.1,75.2,74.2,51 4,
49.0, 38.1, 38.1, 31.5, 23; HRMS (ESI) m/z = 314.18240
[M+H]" (C13H2404N5 requires 314.18228).
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4.19. 2-Deoxystreptamine-4-O-[N-benzimida-
zole] carbamate (4d)

General procedure C was applied for the deprotec-
tion of compound 3d (50 mg, 0.083 mmol) in the
presence of TFA (726 uL, 50 equiv) and TIS (0.85 uL,
4.1 mmol) in a mixture of CH,Cl, and H,O (3 mL,
2:1). Compound 4d was obtained as a colorless solid
in 30% yield (13.7 mg). tg = 1.23 min (analytical
HPLC). 'H NMR (500 MHz, CD30D) & (ppm): 7.38—
7.25 (m, 4H), 4.81-4.68 (m, 1H), 3.59-3.45 (m, 3H),
3.29-3.16 (m, 1H), 2.51-2.40 (m, 1H), 1.94-1.81 (m,
1H); 3C NMR (125 MHz, CD30D) § (ppm): 163.5,
158.4, 131.0, 124.7, 112.3, 81.3 79.3, 74.7, 51.2, 29.9;
HRMS (ESI) m/z = 322.15103 [M+H]" (C14H2004N5
requires 322.15098).

4.20. 2-Deoxystreptamine-4-0O-(N-pyridine) car-
bamate (4e)

General procedure C was applied for the deprotec-
tion of compound 3e (40 mg, 0.071 mmol) in the
presence of TFA (264 pL, 50 equiv) and TIS (0.72 pL,
3.5 mmol) in a mixture of CH,Cl, and H,O (2.2 mL,
3:1). Compound 4e was obtained as a colorless solid
in 22% yield (8.0 mg). tr = 0.63 min (analytical
HPLC); 'H NMR (200 MHz, CD30D) § (ppm): 8.97
(br, 1H), 8.41 (br, 1H), 8.28 (d, J = 8.4 Hz, 1H), 7.75 (br,
1H), 4.95-4.80 (m, 1H), 3.67-3.19 (m, 3H), 3.27-3.19
(m, 1H), 2.54 — 2.43 (td, J = 12.1, 4.2 Hz, 1H), 1.97-
1.78 (q, / = 12.1 Hz); HRMS (ESI) m/z = 283.14020
[M+H]+ (C12H1904N4 requires 283.14008).

4.21. 2-Deoxystreptamine-4-N-(Ds) carbamate

4P

General procedure C was applied to compound 3f
(100 mg, 0.127 mmol) in the presence of TFA (490 uL,
50 equiv) in a mixture of CH»Cl, and H,O (2 mL,
3:1). Compound 4f was obtained as a colorless solid
in 75% yield (70.0 mg). ¢z = 1.48 min (analyti-
cal HPLC); 'H NMR (500 MHz, CD30D) § (ppm):
9.57 (s, 1H), 8.30 (s, 1H), 8.05 (d, ] = 20 Hz, 2H),
7.80-7.50 (m, 8H), 7.35-7.25 (m, 1H), 6.60-6.50 (m,
1H), 6.35-6.25 (m, 1H), 5.00-4.90 (m, 1H), 4.20-
4.10 (m, 2H), 3.70-3.50 (m, 4H), 3.00-2.90 (m, 2H),
2.35-2.25 (m, 1H), 1.70-1.50 (m, 10H), 1.40-1.50 (m,
19H); 13C NMR (125 MHz, CD30D) & (ppm): 168.9,
158.3, 140.9, 137.2, 135.9, 135.8, 133.0, 130.9, 129.5,

128.7, 128.5, 123.1, 122.5, 119.2, 119.0, 75.9, 75.1,
74.1, 51.1, 50.0, 47.6, 38.0, 31.2, 29.8, 23.7; HRMS
(ESI) m/z = 509.25095 [M+H]+ (Co6H3305Ng re-
quires 509.25069).

4.22. 2-Deoxystreptamine-4-O-(N-butyl) carba-
mate (4g)

General procedure C was applied to compound 3g
(100 mg, 0.18 mmol) in the presence of TFA (668 pL,
50 equiv) in a mixture of CH»Cl, and H,O (4.5 mL,
3:1). Compound 4g was obtained as a colorless solid
in 88% yield (77.5 mg). g = 0.77 min (analytical
HPLC); 'H NMR (200 MHz, CD30D) § (ppm): 4.71-
4.61 (m, 1H), 3.45-3.06 (m, 6H), 2.46-2.40 (m, 1H),
1.89-1.77 (m, 1H), 1.55-1.27 (m, 4H), 0.94 (t, J =
6.3 Hz, 2H); 3C NMR (50 MHz, CD30D) § (ppm):
158.4,76.1, 75.1, 74.3, 51.3, 41.8, 40.3, 32.9, 21.0, 14.1;
HRMS (ESI) m/z = 262.17624 [M+H]* (C11H2403N3
requires 262.17613).

4.23. 2-Deoxystreptamine-4-O-[N-(2',4 -
dichlorophenylDethyl] carbamate (4h)

General procedure C was applied to compound 3h
(55 mg, 0.084 mmol) in the presence of TFA (312 pL,
50 equiv) in a mixture of CH»Cl, and H»O (2.5 mL,
3:1). Compound 4h was obtained as a white solid
in quantitative yields (50.8 mg). tr = 0.69 min (an-
alytical HPLC); 1H NMR (500 MHz, CD30D) 6 (ppm):
7.44-7.43 (m, 1H), 7.35-7.24 (m, 2H), 4.73-4.63 (m,
1H), 3.51-3.37 (m, 3H), 3.35-3.32 (m, 3H), 2.99-2.91
(m, 2H), 2.47-2.40 (m, 1H), 1.90-1.72 (m, 1H); 3C
NMR (125 MHz, CD3sOD) é (ppm): 158.3, 136.9,
135.9, 134.0, 133.3, 130.1, 76.3, 75.3, 74.1, 51.2, 41.8,
33.8, 30.2; HRMS (ESI) m/z = 378.09857 [M+H]*
(C15H22 O4N3 Clg requires 378.09819).

4.24. 2-Deoxystreptamine-4-0-[4 - (fluorophenyl)
ethyl] carbamate (4i)

General procedure C was applied to compound 3i
(45 mg, 0.079 mmol) in the presence of TFA (293 pL,
50 equiv) in a mixture of CH»Cl, and H»O (1.5 mL,
3:1). Compound 4i was obtained as a colorless solid
in 52% vyield (23 mg). tgr = 0.95 min (analytical
HPLC); 'H NMR (500 MHz, CD30D) & (ppm): 7.28—
7.22 (m, 2H), 7.21-6.94 (m, 2H), 4.74-4.64 (m, 1H),
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3.49-3.37 (m, 3H), 3.31-3.27 (m, 2H), 3.24-3.20 (m,
1H), 2.84-2.77 (m, 2H), 2.49-2.41 (m, 1H), 1.91-1.72
(m, 1H); 13C NMR (125 MHz, CD30D) 6 (ppm):
158.2,156.6,131.6,131.4,116.3,115.9, 76.0, 74.9, 74.2,
51.2, 43.8, 36.0, 30.0; HRMS (ESI) m/z = 328.16678
[M+H]+ (C;5H23FN304 requires 328.16726).
Interestingly, 2D-NMR analysis of conjugate
3b as well as its corresponding deprotected form
4b containing 2-DOS connected to a 2-fluoro-N-
methylbenzylamine moiety clearly showed two dis-
tinct rotamers. This could be due to the presence
of the methyl group on the nitrogen atom of the
carbamate linker, which probably impedes free ro-
tation of the carbamate function. In the absence
of this methyl group, no steric effect is found to re-
strict this free rotation, thus no observation of two
conformations was detected by NMR analysis.

5. Biochemistry
5.1. RNA and biochemicals

The buffers and solutions used in the fluores-
cence experiments were filtered through Milli-
pore filters (0.22 mm; GP ExpressPLUS mem-
brane). Human recombinant Dicer enzyme
(Genlantis) had a concentration of 0.5 U/uL.
Tris(hydroxymethyl)aminomethane hydrochloride
(Tris—-HCI]) 20 mM (pH 7.4), containing 12 mM NacCl,
3 mM MgCl,, and 1 mM DTT was used for the FRET
assays and Kp determination. RNA oligonucleotides
were purchased from IBA GmbH (Goettingen, Ger-
many). RNA folding was performed in TRIS buffer
upon incubation at 90 °C for 2 min, 4 °C for 10 min,
and slowly returning to room temperature for 15 min.
For pre-miR-372:
5'-FAM-GUGGGCCUCAAAUGUGGAGCACUAUU
CUGAUGUCCAAGUGGAAAGUGCUGCGACAUUUG
AGCGUCAC-3'-DABCYL (ODN1)
5'-FAM-GUGGGCCUCAAAUGUGGAGCACUAUU
CUGAUGUCCAAGUGGAAAGUGCUGCGACAUUUG
AGCGUCAC-3' (ODN2)
For pre-miR-17:
5'-FAM-GUCAGAAUAAUGUCAAAGUGCUUACAG
UGCAGGUAGUGAUAUGUGCAUCUACUGCAGUGA
AGGCACUUGUAGCAUUAUGGUGAC-3'-DABCYL
(ODN3)
5'-FAM-GUCAGAAUAAUGUCAAAGUGCUUACAG
UGCAGGUAGUGAUAUGUGCAUCUACUGCAGUGA
AGGCACUUGUAGCAUUAUGGUGAC-3' (ODN4)

For pre-miR-18a:

5’-FAM-UGUUCUAAGGUGCAUCUAGUGCAGAU
AGUGAAGUAGAUUAGCAUCUACUGCCCUAAGUGC
UCCUUCUGGCA-3'-DABCYL (ODN5)

5'-FAM-UGUUCUAAGGUGCAUCUAGUGCAGAU
AGUGAAGUAGAUUAGCAUCUACUGCCCUAAGUGC
UCCUUCUGGCA-3' (ODNS6)

For pre-miR-148a:

5’-FAM-GAGGCAAAGUUCUGAGACACUCCGACU
CUGAGUAUGAUAGAAGUCAGUGCACUACAGAACU
UUGUCUC-3'-DABCYL (ODN7)

5’-FAM-GAGGCAAAGUUCUGAGACACUCCGACU
CUGAGUAUGAUAGAAGUCAGUGCACUACAGAACU
UUGUCUC-3' (ODNS)

DNA duplex sequence:

5'-CGTTTTAAATTTTGC-3’ (ODN9) and 5'-GCTT
TTAAATTTTGC-3'

5.2. FRET Dicer assay

The Dicer assay was performed in 384-well plates
(Greiner bio-one) in a final volume of 40 pL by using
a 5070 EpMotion automated pipetting system (Ep-
pendorf). Each experiment was performed in dupli-
cate and repeated three times. A beacon of ODNI,
ODN3, ODN5, or ODN7 at 50 nM was used in each
well and the reaction mixtures containing inhibitors
were preincubated at rt for 30 min. Human recom-
binant Dicer (0.25 U; Genlantis) or Escherichia coli
RNase III (0.25 U, Ambion) were added to the reac-
tion mixtures. For the ICs5 experiments, each ligand
was added in 12 dilutions (0.244 pM-500 pM). The
fluorescence increase was measured after 1 h incuba-
tion at 37 °C on a GeniosPro (Tecan) with excitation
and emission filters of | = 485 + 10 and 535 + 15 nm,
respectively. Each point was measured ten times with
an integration time of 500 ms and then averaged.
The inhibition data were analyzed using nonlinear
regression in Prism 5 (GraphPad Software) following
the equation: Y = bottom + (top — bottom)/(1 +
10!(081Cs0)=X)-Hills Slopely yhere X is log(concentration)
and Y the fluorescence intensity.

5.3. Binding experiments and Kp determination
Binding experiments were performed in 384-well

plates (Greiner bio-one) in a final volume of 60 mL by
using a 5070 EpMotion automated pipetting system
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(Eppendorf). Each experiment was performed in du-
plicate and repeated at least three times. A beacon
(ODN2, ODN4, ODN6 and ODN8) was used at 10 nM
in each well. Each ligand was added in 15 dilutions
(0.030 nM-0.5 mM). The fluorescence increase mea-
sured after 4 h on a GeniosPro (Tecan) with excitation
and emission filters of / = 485+ 10 and 535 + 15 nm,
respectively. Each point was measured ten times with
an integration time of 500 ms and then averaged. The
binding data were analyzed using Graphpad Prism 5
software. Unless otherwise stated, the binding pro-
files were well fitted by a simple model that assumed
1:1 stoichiometry. In the competition experiments,
100 equiv of tRNA structured as pre-miR-372 beacon
were added to the RNA solution and 100 equiv of du-
plex DNA (mixture of ODN9 and ODN10 incubated at
90 °C for 5 min then slowly returned at rt) were added
to the RNA solution.

5.4. Molecular modeling and docking

The MC-Fold/MC-Sym pipeline (http://www.major.
iric.ca/MC-Pipeline/) is a web-hosted service for
RNA secondary and tertiary structure prediction. The
pipeline consists in uploading RNA sequence to MC-
Fold, which outputs secondary structures that are
directly input to MC-Sym, which outputs tertiary
structures. Pre-miRNA sequences were obtained
from the miRBase database (http://www.mirbase.
org/). The hairpin loops of pre-miR-372 and pre-
miR-17 were chosen to predict the 3D structure using
the MC-Fold/MC-Sym pipeline. Energy optimization
was further conducted on the 3D model using the
TINKER Molecular Modeling Package (http://dasher.
wustl.edu/tinker/). For docking with AutoDock, po-
lar hydrogen atoms, Kollman united charges and
solvent parameters were applied to the RNA us-
ing pmol2q script. This script converts the .pdb
file format of the RNA template to the .pdbqt file
format that is compatible with AutoDock program
version 4 (http://autodock.scripps.edu/). Pre-miR-
372/4f and pre-miR17/4f molecular docking were
conducted using AutoDock program version 4. The
rotational bonds of the ligand were treated as flex-
ible, whereas the receptor was kept rigid. Grid
box was fixed in order to include the entire RNA
sequence. RNA-ligand interactions were analyzed

and visualized using Discovery Studio Visualizer ver-
sion 4.1 (https://www.3ds.com/fr/products/biovia/
discovery-studio).
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