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Determination of the optical purity of the compound 8b

fo) [0} o I [0}

é/zz Q-PHN-OH Cs,CO; COOtBu \ COOtBu
OtBu acrolein, CH,Cl, OBy W A& " AQOH
-25°C,12-24h r.t., overnight OH
8 / 87% (two steps) 9a 9b

PTSA

2 1w

Q-PHN-OH

To a mixture of starting material 8 (9.05 g, 49.1 mmol) and catalyst Q-PHN-OH! (2.40 g, 4.93
mmol, 0.1 eq.) in dry CH,Cl, (100 mL) at - 25 °C under argon atmosphere, a solution of
acrolein (8.23 mL, 123 mmol, 2.5 eq.) in CH,Cl, (30 mL) was added dropwise. Reaction
mixture was occasionally stirred (>95% of time without stirring) and kept at -25 °C for 24 h.
Then the reaction mixture was poured onto silica gel column (200 g, Et,0) and crude product
was eluted with Et,O. Fractions containing product were collected and evaporated to afford
crude 8a (12.53 g) which was used immediately in the next step. Crude catalyst was then
eluted from the column with methanol and recycled (chromatography on silica gel column in
CH,Cl,:ethanol 25:1).

Crude product 8a was dissolved in toluene (350 mL), cesium carbonate (8.48 g, 26 mmol)
was added and the reaction mixture was stirred at r.t. overnight. Solids were removed by
filtration through Celite and the filtrate was evaporated. Product was purified on a siliga gel
column (250 g, toluene:ethylacetate 3:1 — 2:1) to afford 9.416 g (80%) of the mixture 9a and
9b (Figure S1.) Analytical samples of both isomers were obtained by column chromatography

of the sample (300 mg of the mixture, 100 g of silica gel, toluene:ethylacetate 3:1 — 2:1).

Determination of optical purity — preparation of compound 8b.

Crude aldehyde intermediate 8a (250 mg) in 2-ethyl-2-methyl-1,3-dioxolane (0.3 mL) was
stirred at r.t. with p-TsOH (9 mg) for 45 min. Then the reaction mixture was diluted with
diethyl ether (30 mL) and washed with saturated sodium bicarbonate solution (10 mL).
Organic phase was dried with sodium sulfate and evaporated. Residue was purified by

chromatography (50 g) in pentane:ether (2:1) and the obtained product 8b was analyzed by
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chiral HPLC (Eurocel 01 Knauer, in hexane: i-PrOH 97:3, Fig. S2, S3). NMR spectra match
those reported!.
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Synthesis and hybridization properties of the homooligomers (Ay)

Synthesis of homooligomers

Adenine homooligomers were synthesized using UNYLINKER solid support (Glen Res.).
Gaseous ammonia (0.7 MPa) cleavage of the oligoadenylate from this support proceeded
well, however, MALDI TOF (Table S2, Figure S1) revealed residual part of the linker
attached to the 3'-end of oligoadenylate analog. Oligonucleotides were purified at 55°C on
DNAPac PA100 10 x 250 mm Nucleic Acid Column (Dionex) at a flow rate of 3 mL/min
using a linear gradient od sodium chloride (20 mM—500 mM, 60 min) in 50 mM sodium
acetate buffer pH 7.0 containing 20% (v) of acetonitrile. Desalting of pure oligonucleotides
was performed on 10 um Luna C18 (2) 10 x 100 mm column (Phenomenex) at a flow rate of
3 mL/min using a gradient of acetonitrile (0—25%, 30 min) in 0.1 M triethylammonium
hydrogencarbonate. Desalted oligonucleotides were freeze-dried and characterized by

MALDI TOF (Table S1.).

Table S1. Analytical data for oligonucleotides

Oligonucleotide Calcd. mass Found mass
(AB)y? 3342.70 3343.8
(AB)y? 3360.83 3360.0

2Qligomer contained residual part of the linker, see Figure S1.

Hybridization properties of homooligomers (Ao)

The denaturation experiments showed again strongly destabilization effect (Table S2.). We
also measured behaviour of the modified homooligomer (A?%)y in solution without
complementary chain (Tg). From observation of the hyperchromic effects (modified
homooligomer (A%)y ~ 0.04, natural A9 ~ 0.12) we assume that the 7, of the modified
homooligomer is independent on the presence of the complementary chain in the mixture and

there is no duplex formation.
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Table S2. Thermal stability of modified oligonucleotide duplexes?

Oligonucleotide© SSRNA sSDNA
T (AT, T (AT,
(A%), no comp. form. no comp. form.
(A2, no comp. form. no comp. form.

24 uM duplex in 50 mM NaH,PO, — Na,HPO, pH 7.2 with 100 mM NaCl; ® per modification; ¢ Oligomer contained residual
part of the linker, see Figure S1.

Figure S1. Structures of the homooligomers with attached residual part from the linker

(A25)8 NHz (A%)g NH2
|
O (@) N BN
l % 1l % N
0=P—OH < ) 0=P—OH <N | /)
o) o) N
? ?
0=P—OH 0=P—OH
o oH o oM
(AZ), (A2%),

S5



Molecular dynamic calculations (experimental part)

The structural models of normal RNA-RNA oligonucleotide, oligonucleotide containing AS
adenosine residue with modified sugar and oligonucleotide containing A3, AS, and A8
modified residues were prepared employing the structure with PDB ID 1HG9 for RNA-DNA
molecule that have similar sequence end length as the studied molecules. The three structural
models were prepared by structure editing of original 1HGY9 structure employing the
Avogadro software. The parameterization of force-field for the chemically modified sugar
moieties was based on ESP population analysis employing the Hartree-Fock method and the
6-31g(d,p) basis. The standard parmbsc0 force field was employed for all other residues. The
three constructs were solvated by TIP3P water in a 15 A x 15 A x 15 A box and negative
charges of phosphate groups were compensated by added Na+ ions by employing xLEaP

software.

Each of the systems was firstly equilibrated employing following protocol. The RNA
construct was restrained (force constant 25 kcal/mol) and heated from 100 K to 300 K during
100 ps molecular dynamic run. Then, minimization followed by short equilibration lasting 50
ps was performed five times with decreasing force constant up to 1 kcal/mol. Then, 100 ps
dynamics employing force constant 0.5 kcal/mol was performed. The equilibration process
lasting in total 500 ps was finished by unconstrained 50 ps dynamics. After the equilibration
the 20 ns production dynamics for all three constructs has been calculated. All the molecular
dynamic calculations using Amber 10 program ware carried out at standard laboratory

conditions; temperature 298.15 K, pressure 1 atm.
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Figure S2. GC chromatogram of the mixture of 9a and 9b.
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Figure S3. Chromatogram of racemic mixture of 8b.

Fage Lof L
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Figure S4. Chromatogram of 8b.

1L7.203 1528 Chromatmgram C:yClarky \Work DDA TAMS-5-00-07_EC1 0LFRM Fage lofl
Sample Irifo:
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2 17,513 mma 8,505 w|T .2 0,48
Tokl ZH0B6 9,154 100,00 100,01
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Figure SS. Separation of racemic nucleoside 25 on chiral HPLC column. Sample of the
racemic nucleoside 25 was prepared using completely the same synthetic scheme and
procedures only the conversion of 8 to mixture of 9a/9b was done in an achiral way according

to the published protocol?.
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Figure S6. Separation of nucleoside 25 (single enantiomer) on chiral HPLC column
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Figure S7. In contrast to the preferred conformation of cANA, LCeNA should adopt a
conformation that situates the nucleobase in an “axial-like” orientation due to repulsion of the
hydrogen atom of the -CH,CH,- bridge and the hydrogen atom vicinal to nucleobase
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Results of molecular dynamic calculations

The values of a, y, and O torsion angles calculated for normal oligonucleotide and
oligonucleotides including one (A5) and three (A3, A5, A8) modifications differed.

In normal chain 5°-G1-C9-3’, the values of o torsions for individual residues averaged
employing calculated snap shot geometries ranged from 263° to 285°. The averaged y torsions
ranged typically from 65° to 81°, but for the G1 and C9 terminal residues it was 110° and 54°,
respectively. The overall values of o and y torsions were typically ~280° and ~70°, except
shortly lasting and rarely occurring concerted a-y switches when o/y values ~280°/~70°
changed to ~150°/~190° (Figure S7). The averaged d torsion ranged for most of residues from
78° to 82°. However, when & close to ~120° for some period occurred (A8 residue) or o
fluctuating fast between ~80° and ~120° occurred (C9 terminal residue) the averaged &
torsion value was 106° and 120°, respectively. The typical values of a, v, and 5 torsion angles
calculated for normal 5’-G1-C9-3’ chain were characteristic values indicating normal A-
RNA structural class of RNA oligonucleotide?.

In 5°-G1-C9-3’ chain containing one modified residue A5, the averaged value of a, y, and o
torsion calculated for A5 residue was 240°, 63°, and 54°, respectively. The distribution of o
values in modified A5 was significantly broader and the averaged o value smaller compared
to normal A5 residue (Figure S13). The modified A5 residue possessed also one other
distinguishable feature; the averaged value of y torsion (63°) was larger than averaged value
of  torsion (55°) while in normal residues was o larger than y torsion. The structure of U4
and U6 residues neighboring to modified A5 residue was largely perturbed, namely owing to
frequent occurrence of the a/y switches (Figure S7). The distributions calculated for o torsion
in U4, U6 and C7 residues are bi- or even tri-modal while a torsions in normal chain typically
possessed single-mode distribution centered at ~280° (Figure S13). The A5 modification thus
introduced structural disorder particularly to the neighboring residues while the modified
residue itself was structurally rigid and abnormal compared to regular residues in normal
RNA oligonucleotides.

The values of a, y, and o torsion calculated for modified A3, A5 and A8 residues in 5’°-
G1-C9-3’ chain containing the three modifications were again characteristic. The averaged
value of o torsion for A3, A5 and A8 modified residue was 268°, 245°, and 240°,

respectively. The distributions of a torsions for three modified residues broadened compared
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to those for normal residues (Figure S13). The averaged values of 6 torsions calculated for
A3, A5 and A8 modified residues 52°, 55°, 55° were smaller than the averaged values of y
torsions 56°, 63°, 64°. All the three modified residues were structurally more rigid and
abnormal compared to normal residues. The structural disorder of normal residues
neighboring to the modified residues was large. Notably, the fast and concerted fluctuations of
o and y torsions were calculated particularly for normal U6 residue (Figure S8). We therefore
assume that structural disorder/instability of normal residues introduced by modifications may

be cumulative for some residues that may depend on sequential positioning of modifications.
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Figure S8.

Alpha, gamma and delta torsions of the studied chain without modifications
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Figure S9.

Alpha, gamma and delta torsions of studied chain with 1 modification

alpha - black, gamma - red, delta - green
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Figure S10.

Alpha, gamma and delta torsions in studied chain with 3 modifications
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Figure S11.

Alpha, gamma and delta torsions on complementary chain of construct without modifications
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Figure S12.

Alpha, gamma and delta torsions of complementary chain to the 1 mod
alpha - black, gamma - red, delta - green
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Figure S13.

Alpha, gamma and delta torsions in complementary chain to the 3mod
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Figure S14. The distributions of alpha, gamma and delta backbone torsion angles calculated
for oligonucleotides including zero, one and three modified units.
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Conformational analysis of 25 and results of the DFT calculations

Table S3. Calculated (DFT calculations, B3LYP/6-31+G(d,p)) and experimental spin-spin

coupling constants for compound 25.

Interaction J experiment (Hz) J Gaussian (Hz)
H2-H3 9.5 9.3
H3-H4 3.9 4.1
H4-H5 - 2.5
HS5-HS8 - 1.0

HS5-Hé6ex 7.9 7.9
H5-Hé6en - 0.7

Ho6ex-H7en 2.4 2.3

Hé6ex-H7ex 10.5 10.8

Hé6en-H7en 9.2 9.6

Ho6en-H7ex 6.2 4.8
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Computational details of optimized structure of compound 25. DFT calculations were done

using this method: B3LYP/6-31+g(d,p) in vacuum.
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Figure S15. The allylic rearrangement of the compound 22a in DMSO-ds; was monitored by
'"H NMR spectroscopy within several days at room temperature. Only double bond region,
where the most significant changes have been noticed, is shown. As a result, the mixture of
the starting compound 22a and the product 22 was obtained. This process provides an
opportunity to recycle the undesired azido derivative 22a and so that to increase the yield of

the previous reaction.
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Figure S16. A overlaid structural model of nucleoside 25 (LCeNA mononer unit, green) with

adenosine (yellow) in C3’- endo conformation
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