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1. Experimental

General.

Unless stated otherwise, the solvents were evagabrat 40 °C and 13 kPa using rotary
evaporator. The products were dried over phosphpeasoxide at 40-50 °C and 13 Pa. The
course of the reactions was followed by TLC on Me&ilica gel 60 Bs4 aluminum sheets
and the products were visualized by UV monitoriAgeparative column chromatography was
performed on silica gel (40-60 um, Fluka) wherdi® amount of adsorbent used was 20-40
times the weight of the mixture separated. Elutias performed at the flow rate of 40 mL
min™. In case of purification of dimethoxytrityl deriges and phosphoramidites, the slurry
of silica gel was prepared in the appropriate suiw®ntaining triethylamine (2 ml per 100
ml of a silica gel bed).

Materials and methods.

The synthesis of oligonucleotides was performed.® micromolar scale on a GeneSyn
synthesizer using solid support (CPG-dT) and stahghosphoramidite approach.

Final oligonucleotides were purified by semiprepiaea HPLC on reverse phase column
(Luna C18-h, 10x250 mm, Phenomenex) using a linear gradierdcetonitrile in 0.1M-
TEAA pH 7.5. Thermal characteristics of oligonudlde complexes were recorded on Cary
100 Bio spectrophotometer (THERMAL program).

MALDI-TOF mass spectra were recorded on a BrukdtelRé spectrometer; Naser 337 nm
U.; 3-Hydroxypicolinic and picolinic acid (9:1) iacetonitrile and mQ-water (1:1, v/v) were
used as matrices. Values of molecular mass of pdpaligonucleotides as determined by
these measurements were all in accordance witbatlcalated ones, as follows:

S1



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011

Table S1 Molecular mass of oligomers obtained from

MALDI TOF
Molecular weight
Entry Tis-strand
calculated found

1 dTs 4499.93 4498.77
2 (ameT)14T 4696.30 4696.12
3 (Trome)uT 4920.29 4919.49
4 (4-meoEt0T)14T 5537.03 5535.15
5 (2me0T)14T 4920.29 4922.02
6 ("MOT),T 4920.29 4919.36
7 (T-T2.ome)7 T 4710.11 4710.06
8 (T-4me0 T)7T 4710.11 4709.06
9 (4-meoEt0 T-4Me0 T)7 T 5228.66 5227.81
10 (s-meoet0 T-T2.0Me)7 T 5228.66 5229.05
11 (4meoT-Toome)? T 4920.29 4919.65

Mass spectrani/2 were recorded on ZAB-EQ (VG Analytical) instrumiensing FAB+
and/or FAB- technique (Xe, 8 kV) with glycerol-tglgcerol (3:1) and 2-
hydroxyethyldisulfide as matrices. MS HR ESI sp&¢tn/z) were recorded on LTQ Orbitrap
XL (Thermo Fischer Scientific) instrument. Elemédraaalyses were carried out on a PE 2400
Series Il analyzer.

NMR spectra were measured on Varian UNITY 500 speutter tH at 500 MHz;**C at
125.7 and'P at 202.3 MHz) and Bruker AVANCE 600 spectrométeirat 600 MHz;**C at
125.8 MHz) in DMSO, CDGl D,O or GDg at 27 °C. Homonuclear 2D-H,H-COSY spectra
were used for the structural assignment of coupletdons and 2D-H,H-ROESY spectra for
detection spatially closed protons (assignmenteshigal H-2" and H-2" and determination
of configuration at C-4 carbon atom). The 1f- attached proton test* (APT) spectra and
heteronuclear 2D-H,C-HSQC and 2D-H,C-HMBC spectrarevused for the structural
assignment of carbon signals.

5'-Deoxy-5'-iodothymidine (4)

A mixture of thymidine (20 g, 82.6 mmol), triphepflosphine (27 g, 103 mmol), iodine
(26 g, 103 mmol), and pyridine (16 ml, 200 mmol)dimxane (400 ml) was stirred for 7 h at
room temperature, and then methanol (25 ml) wag@d8olvents were removeal vacuq
the residue was dissolved in boiling ethanol (23)) end the solution was left to crystallize
(4 °C, 12 h). First crop of the title compou(ii7.8 g) was recovered by filtration. Column
chromatography of the evaporated mother liquorsilica gel in chloroform-ethanol (0-5 %)
yielded a second crop (4.0 g) of the product (dVeyeld, 75 %); m. p. 170-173 °C
corresponded to the literature data.

1-(2,5-Dideoxyp-D-glycero-pent-4-enofuranosyl)thymine (53

The iodo derivativel (21.8 g; 61.9 mmol) in Oub solution of sodium methoxide in methanol
(400 ml) was heated at reflux for 8 h. The lighbwn solution was cooled to r. t. and
neutralized by the addition of glacial acetic a@d ml). The solvent was evaporated, and the
residue was crystallized from ethanol to give 14 @1 %) of5 as colorless needles; m. p.
207-209 °C corresponds to the literature data.
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1-[9-0-(tert-ButyIdimethylsilyl)-2,5-dideoxy-B-D-glycero—pent-4-enofuranosyl]thymine

(6)

A solution of 5 (16.2 g, 72.2 mmol)tert-butyldimethylchlorosilane (14.5 g, 96 mmol), and
imidazole (4.9 g, 72.2 mmol) in pyridine (360 mlpsvstirred at room temperature for 8 h.
The reaction was quenched with methanol (10 mk), the solvents were evaporated. Traces
of pyridine were removed by co-evaporation withuesle (2 x 400 ml). The residue was
dissolved in chloroform (400 ml), and washed witM ZXriethylammonium hydrogen
carbonate (2 x 100 ml). The chloroform extract whged with anhydrous MgSQ and
concentratedn vacuoto afford the crude product (19.4 g). This prodircttoluene was
filtered through a silica gel column (100 ml) inluene to removdert-butyldimethylsilyl
methyl ether, and the produgtwas eluted with ethyl acetate to give 16.9 g (690%) as a
white foam. HR-ESI: for &H2604N2NaSi calculated: 361.15540; found: 361.15527; -
0.36082 ppm

'H NMR spectrum (CDG): 8.90 b, 1 H (NH); 6.99 g, 1 H(6,CHs) = 1.2 (H-6); 6.49t, 1 H,
J(1',2" = 6.1,J(1',2") = 6.1 (H-1'); 4.75 ddt, 1 H(3',2") = 6.3,(3',2") = 3.4J(3',5'a) = 1.1,
J(3,5'b) = 1.0 (H-3"); 4.51 dd, 1 H(5'a,5'b) = 2.2)(5'a,3") = 1.1 (H-5'a); 4.21 dd, 1 H,
J(5'b,5'a) = 2.2)(5'b,3") = 1.0 (H-5'b); 2.39 ddd, 1 B2",1") = 6.1J(2",2") = 13.6J(2",3") =
3.4 (H-2"); 2.19 dt, 1 H)(2',1) = 6.1,J(2',2") = 13.6,J(2',3") = 6.3 (H-2"); 1.92 d, 3 H,
J(CH5,6) = 1.2 (5-CH)); 0.89 s, 9 H (C(CH)3); 0.11 s, 6 H (Si(CH)>).

¥C NMR spectrum (CDG): 164.03 (C-4); 162.62 (C-4"); 150.29 (C-2); 134(€-6); 111.56
(C-5); 85.93 (C-1; 84.82 (C-5"); 70.56 (C-3");,8D(C-2); 25.57 (3 x CH{(t-Bu)); 17.91

(>C< (t-Bu)); 12.52 (5-Ch); -4.78 and -4.86 (Si(Chh).

3'-O-(tert-Butyldimethylsilyl)-4'-methoxythymidine (7a) and 1-[3-O-(tert-butyldimethyl-
silyl)-2-deoxy-4-methoxye-L -threo-pentofuranosyl]thymine (7b).

To a stirred solution of6 (1.015g, 3 mmol) in anhydrous methanol (30 mIp%7
m-chloroperbenzoic acid (1.5 g, 6 mmol) was adddter/ h at r. t. the mixture was diluted
with chloroform (80 ml) and washed with 2M trietaghmonium hydrogen carbonate
(2x50 ml, 4 °C). The aqueous layer was washed walitbroform (2x80 ml), and the organic
extracts were combined, dried with Mgs@nd concentrateth vacuo The residue was
purified by silica gel chromatography (stepwisedigat, chloroform-ethanol 0-5 %) yielded
less polar epimerb (358 mg, 31 %), eluted at 4% ethanol in chlorofand the desired
epimer7a (520 mg, 45 %) at ~5% ethanol in chloroform; bashamorphous solids.
HR-ESI7a for Ci7H300sN2NaSi calculated: 409.17653; found: 409.17649; -0361ppm;

7b: for Ci7H300sN2NaSi calculated: 409.17653; found: 409.17645; -D4B1ppm.

7a: 'H NMR spectrum (CDG): 8.61 bs, 1 H (NH); 7.32 q, 1 H(6,CHs) = 1.3 (H-6); 6.22
dd, 1 HJ(1',2") = 3.8J(1',2") = 8.0 (H-1"); 4.68t, 1 H(3',2") = 8.3, J(3',2") = 8.1 (H-3'); 3.84
d, 1 H,J(5'a,5'b) =11.5 (H-5'a); 3.68 d, 1 8{(5'b,5'a) = 11.5 (H-5'b); 3.43 s, 3 H (4'-OgH
2.50 dt, 1 HJ(2",1") = 8.0J(2",2") = 13.7J(2",3") = 8.1 (H-2"); 2.31 ddd, 1 H(2',1") = 3.8,
J2',2") = 13.7,3(2',3") = 8.3 (H-2"); 1.92 d, 3 HJ(CH3,6) = 1.3 (5-CH); 091 s, 9 H
(C(CHy)3); 0.12 s, 3 H and 0.13 s, 3 H (Si(6)%).

%C NMR spectrum (CDG): 163.68 (C-4); 150.20 (C-2); 136.33 (C-6); 111(285); 106.76
(C-4'); 84.68 (C-1"); 71.33 (C-3'); 61.49 (C-59.88 (OCH); 38.92 (C-2"); 25.74 (3 x CHt-
Bu)); 18.13 (>C< (t-Bu)); 12.59 (5-G§f -4.80 and -4.87 (Si(Chb).

7b: *H NMR spectrum (CDG): 8.41 bs, 1 H (NH); 7.26 q, 1 H(6,CHs) = 1.2 (H-6); 6.63
dd, 1 H,J(1',2") = 8.3J(1",2") = 6.4 (H-1'); 4.33 dd, 1 H(3',2") = 4.6,J(3',2") = 1.4 (H-3");
3.88 bd, 1 HJ(5'a,5'b) = 12.1 (H-5'a); 3.84 d, 1 B{5'b,5'a) = 12.1 (H-5'b); 3.40 s, 3 H (4'-
OCHg); 2.24 ddd, 1 HJ(2",1") = 6.4,3(2",2") = 13.7J(2",3") = 1.4 (H-2"); 2.33 ddd, 1 H,
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J(2',1) =8.3)(2',2") = 13.7)(2',3") = 4.6 (H-2"); 1.95 d, 3 H(CH5,6) = 1.3 (5-CH); 1.78 bs
(5-OH); 0.92's, 9 H (C(Chk); 0.13 s, 3H and 0.14 s, 3 H (Si(§}).
13C NMR spectrum (CDG): 163.21 (C-4); 150.46 (C-2); 135.54 (C-6); 111(Z25); 110.73
(C-4'); 85.50 (C-1'); 76.31 (C-3'); 57.85 (C-5'9.47 (4'-OCH); 38.79 (C-2'); 25.64 (3 x GH
(t-Bu)); 17.91 (>C< (t-Bu)); 12.73 (5-G -4.73 and -5.20 (Si(Chb).

5'-0-(4,4'-Dimethoxytrityl)-4'-methoxythymidine (8a).

(a) Dimethoxytritylation of 7a. To a stirred solution ofa (0.52 g, 1.3 mmol) in anhydrous
pyridine (13 ml), 4,4'-dimethoxytrityl chloride waadded in three portions (3 x0.18 g,
1.6 mmol). The solution was left to stand overnighen triethylamine (0.3 ml, 2.1 mmol)
and methanol (0.2 ml) were added, and the suspen&e concentratdd vacuo The residue
was taken up with chloroform (60 ml), washed witM ZXriethylammonium hydrogen
carbonate (2 x 20 ml), and the aqueous layers washed with chloroform (3 x 80 ml). The
combined organic extracts were dried over anhydaiSO,, and the solvent was evaporated
to dryness. The obtained crude GBltert-butyldimethylsilyl)-5'O-(4,4'-dimethoxytrityl)-
4'-methoxythymidinavas subjected to the desilylation reaction.

(b) Desilylation. The product from the previous step was dissolued0.5M tetran-
butylammonium fluoride in THF (10 ml), and the daua was left to stand overnight at room
temperature. Then the suspension of Dowex S0WxSNEEt form, 20 ml) in aqueous 70%
methanol (20 ml) was added, the mixture was stifoed minutes, and the resin was filtered
off. Sodium hydrogen carbonate (2 g) was addedtlamanixture was evaporated to dryness.
The solid residue was extracted with chloroform if]) and the chloroform extract was dried
over anhydrous N&QO,. Chromatography on a silica gel column using a siepwgradient of
ethanol in chloroform (0-4%) gave 0.72 g (96 %.dohsn7a) of 8aas a white foam.

HR-ESI: for GoH340sN2Na calculated: 597.22074; found: 597.22060; -0.32%9m

'H NMR spectrum (¢DMSO): 11.36 bs, 1 H (NH); 7.54 g, 1 H, J(6,§H 1.2 (H-6); 7.40
m,2H,7.31m,2H,and 7.25 m, 1 HekG); 7.27 m, 2 H, 7.26 m, 2 H and 6.89 m, 4 H (2x
CeHs); 6.13 dd, 1 HJ(1',2'a) = 3.6J(1',2'b) = 7.7 (H-1"); 5.02 d, 1 H(3'-OH,3) = 8.1 (3-
OH); 4.70 bqg, 1 HJ(3',2'a) = 8.6J(3',2'b) = 9.1,3(3',0OH) = 8.1 (H-3); 3.74 s, 6 H (2x
PhOCH); 3.16 s, 3 H (4-OC}J; 3.29 d, 1 H, and 3.08 d, 1 Bigem) = 9.8 (H-5'a + H-5'b);
2.34 ddd, 1 HJ(2'a,1") = 3.6,)(2'a,2'b) = 13.5J)(2'a,3") = 8.6 (H-2'a); 2.30 ddd, 1 B{2'a,1")
=7.7,J(2'a,2'b) = 13.5)(2'a,3") = 9.1 (H-2'a); 1.50 d, 3 B(CHjs,6) = 1.2 (CH)).

¥C NMR spectrum (@DMSO): 163.87 (C-4);158.36, 158.35, 135.36, 135.830.00 (2),
26.96 (2), 113.40 (2) and 113.39 (2) (2kG); 150.50 (C-2); 144.82, 128.06(2), 127.89(2)
and 126.98 (gHs); 136.08 (C-6); 109.90 (C-5); 105.42 (C-4"); 82.881"); 80.13 (>C<
(DMTT)); 70.48 (C-3'); 61.85 (C-5"); 55.21(2xOCKDMTT)); 49.50 (4'-OCH); 36.86 (C-2);
11.98 (CH).

1-[2'-Deoxy-5"-0-(4,4'-dimethoxytrityl)-4'-methoxy- a-L -threo-pentofuranosyl]thymine

(8b)

The title compound was prepared according to tbegquure described f@a starting from7b
(0.4 g, 1 mmol). Yield 08b 0.53 g (92%, white foam).

'H NMR spectrum (¢DMSO): 11.30 bs, 1 H (NH); 7.26 q, 1 B(6,CHs) = 1.2 (H-6); 7.33
m,2H,730m,2Hand 6.88 m, 4H (2ka); 746 m, 2 H, 730 m, 2 Hand 7.23 m, 1 H
(CeHs); 6.44 dd, 1 HJ(1',2'a) = 8.5J(1',2'b) = 6.5 (H-1); 5.62 d, 1 H(OH,3') = 5.5 (3'-OH);
4.34 bt, 1 HJ(3',2'a) = 4.6J(3',0H) = 5.5J(3',2'b) <1 (H-3'); 3.737s,3Hand 3.734 s, 3 H
(2x PhOCH); 2.82 s, 3 H (4'-OC§J; 3.42d, 1 H, and 2.93 d, 1 Blgem) = 9.7 (H-5'a + H-
5'b); 2.42 m, 1 HJ)(2'a,1") = 8.5)(2'a,2'b) = 13.6J(2'a,3") = 4.6 (H-2'a); 2.17 m, 1 B(2'b,1")
=6.5,J(2'b,2'a) = 13.6J(2'b,3") < 1 (H-2'b); 1.76 d, 3 H(CHj3,6) = 1.2 (5-CH).
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¥c NMR spectrum (@DMSO): 163.63 (C-4); 158.29(2), 135.68, 135.18,0.12(2),
130.00(2), 113.21(2) and 113.12(2) (2k); 150.98 (C-2); 144.85, 127.98(2), 127.86(2) and
126.85 (GHs); 135.82 (C-6); 110.44 (C-5); 110.37 (C-4"); 85(5€< (DMTr)); 84.16 (C-1;
74.18 (C-3'); 57.18 (C-5"; 55.19 (2xO€DMTY)); 37.78 (C-2"); 12.45 (5-Ch\

5'-0-(4,4'-Dimethoxytrityl)-4'-methoxythymidine-3'- O-(2-cyanoethylN,N-diiso-
propyl)phosphoramidite (9a)

CompoundBa (0.36 g, 0.62 mmol) was dried by co-distillatioittwanhydrous toluene (2 x 8
ml), dissolved in THF (3.2 ml), andN,N-diisopropylethylamine (0.43 ml, 2.47 mmol)
followed by 2-cyanoethyIN,N-diisopropylphosphoramidochloridite (0.25 ml, 1.1fhot)
were added under argon. The solution was stirredoaim temperature for 40 minutes
(reaction complete, monitored by TLC), and thentigture was partitioned between ethyl
acetate (60 ml) and an ice-cold saturated sodiudrdgen carbonate solution (50 ml). The
organic layer was washed with the same solution%8 ml), and the aqueous washings were
re-extracted with ethyl acetate (30 ml). Combintt/leacetate layers were shortly dried with
anhydrous Nz50, and evaporated with addition of anhydrous toludiie residue was then
purified on a silica gel column (pre-treated with 2f triethylamine) using a toluene-ethyl
acetate (0-8 %) gradient, to give, after lyophyi@afrom benzene, 0.42 g (86 %) @ as a
pale yellow foam.

'"H NMR spectrum (€Dg): 9.37 b + 9.28 b, 1H, NH); ~7.74 m, 2H, Ar-H (DMT7.67 q +
7.72 q, 1H,J(6,CH;)=1.2 (H-6); ~7.58 m, 4H, Ar-H(DMTr ); ~7.31 m, 2H, Ar-KDMTT);
7.17 m, 1H, Ar-H (DMTr); ~6.90 m, 4H, Ar-H (DMTr$.51 dd + 6.58 dd, 1HJ(1’,2")=3.0,
J(1,27)=8.0, (H-1'); 5.34 m, 1H (H-3’); 3.96 d, 1H|(5'a,5'b)=9.6 (H-5'a); 3.61 dh + 3.58
dh, 2H,J(CH,P)=10.2J(CH,CHz)=6.8 (6x) (>N-CH (N-iP%)); 3.54 m + 3.43 mand 3.54 m +
3.22 m, 2H (P-OC#h); 3.54 d + 3.60 d, 1H,J(5'b,5'a)=9.6 (H-5'b); 3.43 s +3.41 sand 3.42 s
+ 3.40 s, 6H (2xOMe (DMTr)); 3.14 s + 3.17 s, 3H-@Me); 2.69 ddd + 2.75 ddd, 1H,
J(2”,1)=8.0, J(2",2")=13.6, J(2",3")=8.5 (H-2"); 2.45 ddd + 2.63 ddd, 1H}(2’,1")=3.0,
J(2',27)=13.6, J(2',3')=8.5 (H-2’); 1.89 m + 1.82 m, 2H (G&N); 1.68 d + 1.74 d, 3H,
J(CH3,6)=1.2(5-CHg); 1.25d + 1.16 d and 1.20 d + 1.16 d, 13{€H;3,CH)=6.8, 4XCH (N-
iPry)).

¥C NMR spectrum (€Dg): 163.16 (C-4); 159.04 +158.97 and 159.01 + 15§B4 Ar-C
(DMTr)); 150.11 + 150.26 (C-2); 144.64 + 144.75 {@r(DMTr)); 135.21 + 135.45 and
135.05 + 135.32 (2x Ar-C (DMTr)); 134.65 + 135.02-6); 130.46 + 130.40 and 130.43 +
130.37 (4x Ar-CH (DMTr)); 128.42 + 128.40 (2x Ar-CKDMTr)); 127.67 (2x Ar-CH
(DMTY)); 127.06 + 126.96 (Ar-CH (DMTr); 117.22 + 1B1 (CN); 113.25 + 113.27 and
113.19 + 113.22 (4x Ar-CH (DMTr)); 111.10 + 111.(2-5); 106.39 d))(C,P)=5.4 + 106.40
d, J(C,P)=7.0 (C-4’); 83.31 + 83.41 (C-1"); 70.50HC,P)=19.0 + 71.97 d)(C,P)=17.4 (C-
3’); 61.40 + 61.87 (C-5"); 58.60 di(C,P)=16.7 + 57.57 d)J(C,P)=19.3 (P-OCH); 54.42 +
54.36 and 54.11 + 54.36 (2xOMe (DMTT)); 49.37 +449(4’-OMe); 43.04 dJ(C,P)=12.6 +
43.11 d,J(C,P)=12.7 (2x N-CH (N-iR})); 37.10 + 37.71 (C-2’); 24.29 + 24.25 and 24.20 +
24.15 (4x Me (N-iPp); 19.35 d,J(C,P)=5.5 + 19.62 d)(C,P)=6.8 (CH-CN); 11.76 + 11.78
(5-Me).

1P NMR spectrum (€De): 151.65, 150.71.

1-[2'-Deoxy-5"-0-(4,4'-dimethoxytrityl)-4'-methoxy- a-L -threo-pentofuranosyl]thymine
3'-0O-(2-cyanoethylN,N-diisopropyl)phosphoramidite (9b)

The title compound was prepared according to tbequtures described f8aand9. Starting
from 7b (358 mg, 0.9 mmol), we obtained, in three stefier dreeze drying from benzene,
315 mg (46 %, 0.41 mmol) of the title phosphorateidb. For C;Hs;N4sOgP (774.85)
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calculated: 63.55 %C, 6.63 %H, 7.23 %N, 4 %P; fo@3l49 %C, 6.82 %H, 7.09 %N. FAB:

for C,,H.,N,O,PK calculated, 813.95; found, 813.50 (M3K

H NMR spectrum (€Dg): 9.12 b, 1H, NH); 7.84 m + 7.86 m, 2H, Ar-H (DMTr
7.70m+7.69m+ 7.66 m, 4H, Ar-H(DMTr ); ~7.35 &K, Ar-H (DMTr); 7.21 m, 1H, Ar-H
(DMTr); 7.00 dd + 7.07 dd, 1H)(1’,2")=8.8, J(1',2")=6.1 (H-1’); 6.99 g + 7.07 q, 1H,
J(6,CH)=1.2(H-6); 6.955 m + 6.92 m and 6.945 m + 6.925 m, AHH{(DMTr ); 4.90 bddd

+ 4.675 bddd, 1HJ(3',2")=4.2, J(3',2")<1, J(3',P)=8.7 + 7.3 (H-3); 4.00 d + 3.88 d, 1H,
J(5'a,5’b)=10.3 (H-5'a); 3.72 d + 3.85 d, 1B(5'b,5’a)=10.3 (H-5’b); 3.64 dh + 3.58 dh, 2H,
J(CH,P)=10.6,J(CH,CHs)=6.8 (6x) (>N-CH (N-iP%)); 3.485s +3.46 sand 3.45s + 3.44 s, 6H
(2xOMe (DMTr)); 3.465 m + 3.33 m and 3.325 m + 31i822H (P-OCH); 2.94 s + 3.07 s,
3H (4-OMe); 2.66 ddd + 2.83 ddd, 1B(2",1)=6.1, J(2",2")=13.8,J(2",3')<1 (H-2");

2.23 ddd + 2.31 ddd, 1H(2',1")=8.8, J(2’,2")=13.8, J(2’,3))=4.2 (H-2); 1.795 d + 1.81 d,
3H, J(CH3,6)=1.2(5-CHg); 1.73 m + 1.80 m, 2H (Ci&N); 1.25d + 1.15d and 1.24 d + 1.18
d, 12H,J(CHs3,CH)=6.8, 4x CH (N-iPr));

3¢ NMR spectrum (€Dg): 162.80 +162.77 (C-4); 158.90 +158.87 and 158.858.84 (2x
Ar-C (DMTr)); 150.45 + 150.64 (C-2); 145.16 + 148.0Ar-C (DMTr)); 135.57 + 135.80 and
135.55 + 135.62 (2x Ar-C (DMTr)); 134.69 + 134.76-¢); 130.69 + 130.58 and 130.58 +
130.50 (4x Ar-CH (DMTr)); 128.57 + 128.47 (2x Ar-CKDMTr)); 127.60 (2x Ar-CH
(DMTT)); 126.75 + 126.73 (Ar-CH (DMTr); 117.10 + 720 (CN); 113.09 + 113.11 and
113.02 + 113.08 (4x Ar-CH (DMTr)); 111.13 + 111.@&5); 110.30 d))(C,P)=7.2 + 110.02
d, J(C,P)=6.9 (C-4"); 84.42 + 84.50 (C-1"); 77.92HC,P)=9.0 + 77.04 di(C,P)=8.4 (C-3");
58.48 d,J(C,P)=18.6 + 58.28 dJ(C,P)=20.7 (P-OChL); 58.40 + 59.88 (C-5’); 54.42 + 54.41
and 54.40 + 54.38 (2xOMe (DMTr)); 48.78 + 49.47-QMe); 43.38 dJ(C,P)= 2.6 + 43.12
d, J(C,P)=2.8 (2x N-CH (N-iR»); 37.08 d J(C,P)= 7.9 + 36.58 d}(C,P)= 6.6 (C-2'); 24.33 +
24.23 and 23.97 + 24.23 (4x Me (N-ipr 19.50 d,J(C,P)=7.7 + 19.64 dJ(C,P)=7.3 (CH-
CN); 12.36 + 12.37 (5-Me).

31p NMR spectrum (€De): 149.7, 149.82.

4'-(2-Methoxyethoxy)thymidine (10a) and 1-[4-methoy-a-L-threo-pentofuranosyl]-5-
methyluracil (10b).

Compound5 (2.24 g, 10 mmol) was dissolved in anhydrous 2hmetethanol (100 ml) and
then 70%m-chloroperbenzoic acid (5 g, 20 mmol) was addedeursdirring. After 4 h of
stirring at r. t., the solution was concentratetj ¢he solid residue was treated with boiling
diethyl ether (2 x 100 ml). Subsequent chromatdgyapn a reversed phase column using a
linear gradient of methanol in water (0-25 %) yexld0.65 g (21 %) of the compouid@a
along with 0.32 g (10 %) o10b which was not further exploitedror 108 C;3H200;N2Na
calculated: 339.11627; found: 339.11620; -0.22302.p

'H NMR spectrum ofl0a (ds-DMSO): 11.29 bs, 1 H (NH); 7.66 q, 1 B(6,CHs) = 1.2 (H-6);
6.12 dd, 1 HJ(1',2") = 3.2,J(1',2") = 7.7 (H-1); 5.23 b, 1 H and 4.98 b, 1(340OH and 5'-
OH); 4.42 bt, 1 H)(3',2) = 8.2J(3',2") = 9.1 (H-3"); 3.76 m, 1 H, 3.59 m, 1 H4@m, 1 H
and 3.42 m, 1 H (O-CHCH,-0); 3.63 d, 1 HJ(5'a,5'b) = 11.8 (H-5'a); 3.48 d, 1 B{5'b,5'a)
=11.8 (H-5'b); 3.26 s, 3 H (OGH 2.26 ddd, 1 HJ(2',1") =7.7J3(2",2") = 13.2,)(2",3") = 9.1
(H-2"; 2.16 ddd, 1 HJ(2',1") = 3.2J(2',2") = 13.2](2',3") = 8.2 (H-2"); 1.75 d, 3 H(CHj3,6)

= 1.2 (5-CH). *C NMR spectrum ofl0a (ds-DMSO): 163.92 (C-4); 150.51 (C-2); 136.30
(C-6); 109.42 (C-5); 106.59 (C-4"); 82.27 (C-17.7 and 61.14 (O-CHCH,-O); 69.14 (C-
3"); 59.84 (C-5"); 58.25 (OCG} 37.60 (C-2'); 12.47 (5-Cil
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2'-Deoxy-5'-0-(4,4'-dimethoxytrityl)-4'-(2-methoxyethoxy)thymidi ne-3'-O-
(2-cyanoethylN,N-diisopropyl)phosphoramidite (12)

(a) Dimethoxytritylation of 10a. To a stirred solution 010a (0.63 g, 2 mmol) in anhydrous
pyridine (40 ml), 4,4'-dimethoxytrityl chloride waadded in four portions (4 x 0.24 g,
2.8 mmol) during 24 h. The solution was left tonstat room temperature for additional 24 h,
then triethylamine (1 ml, 7 mmol) was added, arel gblvents were evaporated. The residue
was purified on a silica gel column using a lingeadient of ethanol in chloroform (0-4 %) to
give 1.16 g (94 %) o11, which on checking by TLC was considered of satigfry purity for
the subsequent reaction.

(b) Phosphitylation of 11. Compoundll (619 mg, 1 mmol) was dried by co-distillation with
anhydrous toluene (2x15ml), then it was dissblvéen THF (5 ml), and
N,N-diisopropylethylamine (0.68 ml, 3.93 mmol) and ZagethyIN,N-diisopropylphosphor-
amidochloridite (0.40 ml, 1.77 mmol) were subsediyeadded under argon. The solution was
stirred at room temperature for 90 minutes, thetume then partitioned between ethyl acetate
(80 ml) and saturated ice-cold sodium hydrogen arzate solution (80 ml), and the organic
layer was washed with the same solution (3 x 80 HEthyl acetate layer was dried over
NaSO, and the solvent was evaporated with adding tolu€he residue was co-evaporated
with anhydrous toluene and purified by flash chraygeaphy on a silica gel column using a
linear gradient of ethyl acetate in toluene (0-10t&ogive 566 mg (69 %, 0.41 mmol) bP
after lyophilisation from benzene. HR-FAB: Fo§3855N4010PK calculated, 857.3772; found,
857.5016 (M+K).

'H NMR spectrum (gDs) — two diastereoisomers ~1:1; the most of sigaagsdoubled: 9.66
bs, 1 H(NH); 7.71 gand 7.69 q, 1 6,CHs;) = 1.2 (H-6); 7.62-7.58 m, 4 Hand 7.18 m, 1 H
(CeHs); 7.75 m, 2 H, 7.34-7.31 m, 2 H and 6.92 m, 4 W @H,); 6.68 dd,J(1',2") = 3.0,J
(2',2") =8.1 and 6.64 dd(1',2") = 2.7J3(1",2") = 8.0 (H-1"); 5.36 dt,J)(3',2") = 8.7,J(3',2") =
9.5,J@3',P) = 10.9 and 5.32 ¢J(3',2") = 8.6,J(3',2") = 9.2,J(3',P) = 9.1 (H-3"); 3.987 d,
J(5'a,5'b) = 9.9 and 3.984 d(5'a,5'b) = 9.9 (H-5'a); 3.85 m + 3.51 m and 3.7# ;46 m, 2

H (4'-O-CH>-); 3.64 d,J(5'b,5'a") = 9.9 and 3.57 d(5'b,5'a’) = 9.9 (H-5'b); 3.62 m, 2 H (2x
N-CH<); 3.50 m, 3.46 m and 3.31 m, 2 H (P-O-0H3.45 s, 3.443 s, 3.434 s and 3.428 s (2x
OCH; (DMTr)); 3.35 m + 3.27 m and 3.27 m + 3.23 m, 1-BH,-OMe); 3.23 s and 3.19 s
(OCHg); 2.86 ddd, J(2",1") = 8.1,J(2",2") = 13.6,J(2",3") = 9.2 and 2.81 dddj)(2",1") = 8.0,
J(2",2") = 13.4)(2",3") = 9.5 (H-2"); 2.64 dddj(2',1") = 3.0J(2',2") = 13.6,)(2',3") = 8.6 and
2.45 ddd,J(2',1") = 2.7,J(2',2") = 13.4])(2',3) = 8.7 (H-2); 2.11 m + 2.04 m and 1.92 ni 2
(-CHx-CN); 1.747 d and 1.689 d(CHs,6) = 1.2, 3 H (5-Ch); 1.26 d, 1.21 d, 1.19 d and 1.18
d,J = 6.8 (2x CH(CH))).

¥C NMR spectrum (€Ds) — two diastereoisomers ~1:1; the most of sigaaés doubled:
163.36 and 163.30 (C-4); 159.02, 158.99, 158.98,.9% 135.47, 135.36, 135.21, 135.09,
128.44, 128.42, 127.86, 127.82, 113.24, 113.22,1913nd 113.15 (2x ¢El4); 150.33 and
150.20 (C-2); 144.75, 144.60, 130.46, 130.41, 180130.34, 127.02 and 126.934(G);
135.14 and 134.73 (C-6); 117.33 and 117.32 (CN);a8 and 111.06 (C-5); 106.19XC,P)

= 7.3 and 106.18 dj(C,P) = 5.3 (C-4'); 87.09 and 87.05 (>C< (DMTr)$.45 and 83.25 (C-
1Y; 71.83 dJ(C,P) = 14.5 and 70.34 d(C,P) = 19.9 (C-3'); 71.63, 71.55, 61.62 and 61.52
(O-CH,-CH,-0); 62.04 and 61.68 (C-5"); 58.79 {C,P) = 15.9 and 57.74 d(C,P) = 19.2
(P-O-CH-); 58.22 and 58.15 (OGH) 54.41, 54.40 and 54.34 (2 x OCHDMTY)); 43.13 d,
J(C,P) = 12.8 and 43.03 d(C,P) = 12.7 (2x N-CH<); 37.41 d(C,P) = 2.7 and 36.94 d,
J(C,P) = 2.5 (C-2"); 24.26 d|(C,P) = 7.8, 24.24 dJ(C,P) = 6.8, 24.16 d)(C,P) = 6.7 and
24.14 d,J(C,P) = 8.1 (2x CH(CH),); 19.61 d,J(C,P) = 6.5 and 19.44 d(C,P) = 5.1 (-Ch+
CN); 11.75 and 11.72 (5-GH

3P NMR spectrum (§D¢): 151.72, 150.55.
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2. NMR data, and conformation analysis of compound8a and 3b

The configuration at carbon C(4") and the prefemeéntation of thymine in compoun@s
and 3b were determined from the observed NOE contact&@DrH,H-ROESY spectra in
DMSO (see Figure S1). The absence of hydrogensitigno 4’ reduces the number of proton
vicinal couplings and limits a common NMR conforinat analysis using PSEUROT
program. Therefore, we used an approximate metlestribed for the estimation of the
population of “south’-type conformer (usually C(hdg based on the relation [1], as
described for deoxyribo-nucleosides by Rinkel afto#a?

(%) south C(2’)-endo conformer = [31.5 - J(1',2") — J(2',2") — J(2",3")] / 10.9] x 100 [1]

The observed-values in3a (Figure Sl)then lead to a high preference of the “north”-etyp
C(3’)-endoconformation (84 %). On the other hand, the obskdvealues in3b indicate a
high population of the “south”- type C(28rdoconformer (83 %).

o} o}

HsC HaC
NH

3a 3b ’

J12) 354 875
J(12) 756 656
J@2,2) 1340 1375
J2,3) 830 470
J2'3) 890  0.80

3a 3b

Figure S1.  The selected nontrivial NOEs (shown wettharrows) and vicinal proton
couplings in furanose ring observed in compouBaland3b in DMSO.

4'-Methoxythymidine (3a)

'H NMR spectrum (600 MHz;&DMSO0): 11.30 bs, 1H (NH); 7.66 ¢, 18(6,CHs) = 1.3 (H-
6); 6.12 dd, 1HJ(1',2") = 3.5J(1', 2") = 7.5 (H-1'); 5.21 dd, 1H(OH,5'a) = 5.5J(OH,5'b) =
5.8 (5'-OH); 4.91 d, 1HJ(OH,3") = 7.0 (3'-OH); 4.42 ddd, 1H(3',0H) = 7.0,J(3',2") = 8.3,
J(3',2") = 8.9 (H-3"); 3.65 dd, 1H(5'a,0OH) = 5.5J(5'a,5'b) = 11.7 (H-5'a); 3.47 dd, 1H,
J(5'b,0OH) = 5.8J(5'b,5'a) = 11.7 (H-5'b); 3.28 s, 3H (OgH2.24 ddd, 1HJ(2",1") = 7.5,
J(2",2") = 13.4J(2",3") = 8.9 (H-2"); 2.18 ddd, 1H(2',1") = 3.5J(2',2") = 13.4,)(2',3") = 8.3
(H-2); 1.76 d, 3HJ(CHs,6) = 1.3 (5-CH). **C NMR spectrum (150.9 MHz;sDMSO):
163.98 (C-4); 150.58 (C-2); 138.36 (C-6); 109.495)C 106.58 (C-4'); 82.30 (C-1'); 69.22
(C-3'); 59.40 (C-5"; 49.63 (4'-OGH 37.70 (C-2; 12.52 (5-C}L

1-[2-Deoxy-4-methoxye-L -threo-pentofuranosyljthymine (3b)

'H NMR spectrum (600 MHz;@MSO): 11.35 bs, 1H (NH); 7.30 g, 1B(6,CHs) = 1.3 (H-
6); 6.44 dd, 1HJ(1',2") = 8.7J(1', 2") = 6.5 (H-1"); 5.38 d, 1H(OH,3") = 5.0 (3'-OH); 4.65
dd, 1H,J(OH,5'a) = 5.8,J(OH,5'b) = 6.0 (5'-OH); 4.08 bt, 1H(3',0H) = 5.0,J(3',2") = 4.7,
J@3',2") < 1 (H-3); 3.62 dd, 1H)(5'a,0OH) = 5.8,J(5'a,5'b) = 12.1 (H-5'a); 3.57 dd, 1H,
J(5'b,0OH) = 6.0,J(5'b,5'a) = 12.1 (H-5'b); 3.24 s, 3H (OgH2.33 ddd, 1HJ(2',1") = 8.7,
J(2',2") = 13.7J(2',3") = 4.7 (H-2"; 2.10 bdd, 1H(2",1") = 6.5J3(2",2") = 13.7J(2",3") < 1
(H-2"); 1.80 d, 3H,J(CHs,6) = 1.3 (5-CH). *C NMR spectrum (150.9 MHz;sDMSO):
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163.74 (C-4); 151.02 (C-2); 135.96 (C-6); 111.124(F 110.46 (C-5); 84.32 (C-1'); 73.69
(C-3"); 55.62 (C-5); 48.54 (4-OGMH 37.62 (C-2'); 12.58 (5-Ci

We also performed thtH NMR measurements dda and 3b in different solvents
(CDCl3, DMSOds; and DO) and different temperaturesAD solutions at +7 °C, +27 °C, and
+47 °C; see Tables S2 and S3). The change of dplasnwell as temperature, did not
significantly change the conformer ratio, calcutatising the relation [1].

Although the missing coupling constal{8’,4") limits fitting of the experimental data
by PSEUROT, we tried an alternative approach ctingisn systematical stepwise changing
of the north/south conformer ratio from 0:100 t@I0by 10 % per step and optimising all
remaining parameters — phase arfgleand pucker amplitudena. Using this approach, we
calculated the pseudorotation parameter8aoénd3b in different solvents (Table S4). The
sets of coupling constants obtained ipODat +7 °C, +27 °C and +47 °C enabled us to
perform the PSEUROT conformation analysis and liittlke pseudorotation parameters,
supposing that only the population of conformeranges with temperature (Table S5). The
results show that the effect of solvent as wetkasperature on the conformation is very small
for both nucleoside3a and3b.

In order to support the results obtained fromtHeNMR conformation analysis using
vicinal proton coupling constant, we decided to lese the conformation behaviour of
compounds3a and 3b by molecular modelling. We used the well-known aapt of
pseudorotatiohfor the sugar ring conformation of nucleosidesstriwe performed “pucker-
scan” that gave us information about optimal puck@plitudesgnax for the next step — the
conformation analysis. For this purpose, we geerdrd3 conformers with phase angle=
180° (T2 conformation) andgna Stepwise changing from 0° to 60° by 5° per step.
Geometries with restrained endocyclic torsion asgieand ¢ were taken for geometry
optimisation (B3LYP/6-31G**in vacug. Optimal pucker amplitudeg,.x = 30° for 3a and
¢hax= 35° for3b were found as the energy minima on a curve ot#ieulated energy versus
¢hax (See Figure S2).

In the next step, for each nucleosiBieand3b (with its optimisedg,.y) we generated
a set of 20 conformers covering the whole pseudtost pathway in 18 degree steps
representing the envelope and twisted conformatmtis two restricted endocyclic dihedral
angles@ and @. The geometry of the molecule was optimised fartheeaonformer using
DFT/B3LYP/6-31G** theory level. Predominant confations can be found as the energy
minima by plotting calculated energy against thegghangleP (Figure S3). The energy
minima were
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0.015

0.010 +

Relative Energy (a.u.)
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Figure S2. Pucker-scan for furanose ring in @nogide3a and3b.

0
0,007 H3C
—8— YY
0,006 4 —8— XX | NH
. 0005 R! N (0]
=]
< 0,004 (o)
B ® ¢
g 1 2
5 0003 @ @
2
g 0,002 4 R2
&
0,001 OH
L 1
0,000 ¢ . 3a: R! = CH,0OH; R? = OCHj4
3b: R! = OCHjg; R? = CH,OH

0 1L:)0 2(;0 3(;0
Phase Angle P (9
Figure S3. (a) Conformation analysis of furanasg in 3aand3b by DFT calculation;

(b) definition of endocyclic torsion angl@sto ¢.

then fully optimisedin vacuo (DFT/B3LYP/6-31G**) and in water (DFT/B3LYP/6-31G*
with PCM model for solvation) and Gibbs free enengys calculated for such two
predominant conformers. Equilibrium constants ween calculated providing population of
“north” and “south” conformers for botBa and3b nucleosides. The results of conformation
analysis are shown in Table S6. The populationasinéd by this procedure were in very good
agreement with the results obtained from the NMR.da
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Table S2. Proton coupling constants of nuétEss8a and3b in CDCkL, DMSO and RO at +27 °C
and calculated ratio of “south” and “north’normer using relation [1]

Compound Solvent J(1',2") J',2") J(2',2") J2',3) J(2",3) South / North (%)
3a CDCl; 5.28 6.54 13.86 7.95 7.74 31:69
DMSO 3.54 7.56 13.40 8.30 8.90 15:85
D,0O 456 6.80 14.02 8.70 8.90 16: 84
3b CDCl; 8.13 6.80 14.18 4.68 1.60 82:18
DMSO 8.75 6.56 13.75 4.70 0.80 95: 5
D,O 8.34 6.84 14.70 5.04 0.87 83:17

Table S3.  Proton coupling constants of nudtkss8a and3b in D,O at +7 °C, +27 °C and +47 °C

and calculated ratio of “south” and “north’normer using relation [1]

Compound Temp. J1,2) J1.2°) J2.2) J2.,3) J2.3) South / North (%)
7°C 4.32 7.09 14.05 8.82 9.07 12:88
3a 27 °C 4.56 6.80 14.02 8.70 8.90 16 : 84
47 °C 4.86 6.65 14.05 8.76 8.83 18:82
7°C 8.40 6.84 14.70 5.04 0.80 84:16
3b 27 °C 8.34 6.84 14.70 5.04 0.87 83:17
47 °C 8.28 6.87 14.73 5.16 0.90 83:17
Table S4. Conformation analysis using PSEUR@T@(perimentaﬂJ(H,H) from Table S2.
Compound Solvent P (N) @hax(N) X (N) P (S) @ax (S) X (S) rms
[deg] [deg] [%0] [deq] [deg] (%] [HZ]
CDCly 61 44 100 192 45 0 0.927
3a DMSO 48 41 100 192 45 0 0.678
D,O 55 44 100 192 45 0 1.061
CDCl, -10 35 8 196 38 92 0.246
3b DMSO -10 35 0 196 38 100 0.253
D,O -10 35 0 196 38 100 0.290

Table S5.  Conformation analysis using PSEUR@T three sets dfi(H,H) at +7 °C, +27 °C and +47 °C

in D,O from Table S3.

PN) ™) XN PO g X s
Compound  Temp.  14eq]  "[deg] [%] [deg] [deg] [%] [Hz]

7°C 91 9 1.513

3a 27 °C 32 41 90 186 40 10 1.581

47 °C 90 10 1.711

7 °C 1 99 0.176

3b 27 °C -27 44 2 199 37 98 0.174

47 °C 2 92 0.152
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Results of conformation analysis chfiese ring in compourigh and3b using

Table S6
molecular modeling in water aimdvacuo(values in brackets).
Compound Conformer P Brax rel AG? Xealc” Xnwr ©
[deg] [deg] [kcal/mol] [%] [%0]

3a north 53 (31) 40 (36) 0 (0) 98 (97) 84
south 192 (186) 34 (33) 2.31(2.10) 2(3) 16

3b north 345 (353) 30 (34) 0.99 (0.31) 16 (37) 17
south 196 (193) 38 (33) 0 (0) 84 (63) 83

% rel AG - difference between Gibbs free energies of dptthconformers (for more stable conforrer 0)

® X.ac— percentage of conformer calculated from@I(at 25 °C)
° Xuwr — percentage of conformer in® at 27 °C calculated frofd(H,H) using relation [1]
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4. Hybridisation study - measurement of T, values(Table 1)

Thermal experiments were performed at 260 and 286 am a CARY 100 Bio UV
Spectrophotometer (Varian Inc.) equipped with ai®etemperature controller and thermal
analysis software. The samples were prepared bingof equal molar amounts of modified
Tisand natural dAs (or rAss) strands to give a gM final concentration in 50 mM TRIS-HCI
pH 7.2, 1 mM EDTA either with 100 mM Nar 10 mM Md" ions. A heating-cooling cycle
in the range 18-70 °C with a gradient of 0.2 °C/mvas applied. } values were determined
from the maxima of the first derivative plots ofsabbance versus temperaturg, @0.5 °C).

In all cases, we observed single transition prefil€haracterization of the type of the
complexes (see Table 1) was performed by a nath@BPat 15 °C. (for details and patterns,
see SM bellow).
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5. Normalized thermal difference spectra (TDS)
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6. Determination of the type of complex by PAGE

Modified oligonucleotides (miF) were mixed with ¥P) 5-end labelled d& or rAs in 10
mM Tris, pH 7.4 and 150 mM NacCl (or 10 mM Mg{Cat 1:1 molar ratios to obtain 100 nM
final concentrations. Individual annealings weref@ened by heating the mixtures to 80
and slow cooling to room temperature. The sample®wnixed with 10 mM Tris, pH 7.4 and
20% glycerol in 1:1 ratio and loaded onto 20% ratipolyacrylamide gels. The
electrophoresis was run in 1XTBE (or 1x TB withri MgCl,) at 12.5 V/cm for 10 hours at
15°C. The gels were dried and visualized by autoradijoiyy (Figure S4).
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Figure S4.The native electrophoretic analysis of tmd 15 multimeric states in complex
mixtures withdAis (Panels A and C) aA 15 (Panels B and D; the abbreviatinT 15 stands
for the “modified”oligothymidylates.

Panel A Individual annealingsniT 15-dA15) proceeded in the absence of MgQlane 1dAs

alonejlane 2, [T(4-meoT]7T hybridized withdAss; lane 3,[T(T 2-ome)]7T with dA1s; lane 4,
(4‘—MeOEtOT)14T with dA15; lane 5,T(T-p CT)7 with dA15; lane 61(4‘—MeOT) T with dAls; lane
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7, (a-meT)14T with dAss; lane 8,T15 with dAss; lane 9,[d(xyloT)] 14T with dA;s; lane 10,
dA15 alone; lane 11(,T2'_o|\/|e)14T with dA15; lane 12115 with dA15.

Panel B Individual annealingsniT 15-rA 15) proceeded in the absence of MgQlane 1rA 15
alonejane 2,[T(4-meoT]7T hybridized withrA 15, lane 3[T(T 2.ome)7]T With rA 15 lane 4,(4-
MeOEtOT)14T with rA 15, lane 5,T(T-p CT)7 with rA 15, lane 6,(4'_MeoT)14T with rA 15, lane 7,(4'_
MeT)14T with rA 1s, lane 8,Tis with rA 1s, lane 9,[d(xonT)] 141 with rA 1s, lane 10,rA 15
alone; lane 11(T,-ome)14T With rA 15, lane 12,T 15 with rA 1s.

Panel C Individual annealingsnT15-dA15) proceeded in the presence of 10 mM MgCl
Lane 1,dA;s alone; lane 2(T4.meoT)7T hybridized withdAss,; lane 3,[T(T 2.ome)]7T with
dA15; lane 41(4'-MeOEtOT)14T with dA15; lane 5,T(T-p CT)7 with dA15; lane 6,(4’.MeoT)14T with
dA15; lane 7,(4’.MeT)14T with dA15; lane 8,T1is with dA15; lane 9,[d(Xy|OT)] 14T with dA15;
lane 10dA s alone; lane 11T 15 with dA s, lane 12(T2.ome)14T With dA;s.

Panel D Individual annealingsniT1s-rA 15) proceeded in the presence of 10 mM MgCl
Lane 1,rA 5 alone;lane 2, [T(4-meoT)]7T hybridized withrA 15, lane 3,[T(T 2.ome)]7T with
rA 1s, lane 4,(4‘—MeOEtOT)14T with rAis lane 5,T(T-pCT)7 with rA 15 lane 6,(4’.MeoT)14T with
rA 15 lane 7,(a-meT)14T With rAis; lane 8,T1s with rA s, lane 9,[d(xyloT)] 14T with rA 5
lane 10yA 15 alone; lane 11T 1swith rA 15, lane 12(T2-ome)14T With rA 1s.

Modified oligonucleotide$d(xyloT)] 14T andT(T-pT)7 (reff) in mixtures withdA1s or rA 15
were used as reference entities to be run in na@gle as markers indicating approximate
migration positions of oligonucleotide duplexes aimghlexes. The oligomefT(T-pcT);
formed a mixture of duplexes and triplexes vd#ys, and only duplexes withA 15 (all in the
presence of M), while [d(xyloT)] 4T formed triplexes withdA1s or rAys in both the
absence and presence of FgThe existence of the above mentioned indicativens
occurring under similain vitro conditions was independently determined earliargusurface
plasmon resonance experiments (data not shown).

7. Molecular dynamics simulation (MDS) — methodolog and additional figures

Molecular dynamics simulations (MDS) lasting fors5with model oligonucleotide helical
structures carrying chemical modifications on aitl@4' or C2' atoms ([Fmeol)sT]™
CorALH T(4meaT)sT1™™,  [T(ameoraNs T rAL T (4-meoedNsT] ", [T(T2-omsT™
CorAL[T(T 2-0mesT]H*™ - see Figures S5-S10) wereduced at 310 K.

Additional groups of atoms (either s&CHz or —OQy-CH,-CH,-Og-CH3) were anchored to the
C2' and C4' atoms and manipulated manually (usifdDY} into reasonable starting
configurations.

Simulated systems were surrounded by TIP3P watéauies: which extended to a distance
of 10A (in each direction) from solute atoms. Tgiges a periodic box size of 65A x 60A X
52A consisting of approximately 15,000 atoms.

We dealt with MD simulations of nucleic acids camgychemical modifications on either C4'
or C2' atoms. Therefore, necessary *.prep filesril@ag topology of the modified residues
were derived from those describing topology of retmucleic acids in the AMBER force
field.

Further, additional force constants were incorpatanto the AMBER force field partially on

the basis of analogy with force constants preseimditerature’*’ Total energies of simple
model systems were computed for eit2éendo or 3’-endo conformers. It was found as
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inevitable to introduce the CT-OS-CT-OS force cansto mimic the anomeric effeat é.
preference for thgaucheconformer consider the C1'-O4'-C4x-@rsion angle) and to impel
the C4' modified sugars to prefer tBleendoconformation within MD runs.

Large concentrations of ions, which are, howeveiaus in the context of melting
temperatures of the antisense oligonucleotidesg wsed in our experiments (10 mM Mgr
100 mM N4d). Identity of ions (N&Mg'™) was found to be influential, considering the
stability of helical structures carrying various eafical modifications. We checked a
hypothesis that the binding cavities for ions (é¢stitsg of O3', Q and @ atoms) are
localised in the close proximity of the C4x@H; C4'-Q\-CH,-CH,-Og-CH3 moieties.
Binding of water molecules in similar binding siteas observed in the case of C2'-modified
oligonucleotides? The 03", Q and @ atoms compete in binding of ions with another
potential ligands — oxygen atoms of water molec@@®¥/), as well as with the non-bridge
oxygen atoms of the phosphate groups (O1P) situatetbse proximity. Therefore, partial
charges on all oxygen atoms must be carefully éstedal to secure reliable relative binding
frequencies within a MD run. Classical force fielgre developed during the last three
decades by a gradual accumulation of force corsstlotn different sources (their detail
consistency is not a matter, of course, up to now).

We took into account the partial charges determinedthe previous studies of
oligonucleotides bearing —-OGHand —OCHCH,OCH; groups on C2' aton?s® Molecular
mechanical (MM) partial charges (developed usirg AIMBER/RESP methodology - fitting
of partial point charges to reproduce surroundingrétio electrostatic potential) on Cand
Og (-0.35), O3' (-.5232), O1P (-0.7761) and OW (-@)88toms are rather manifold. The so
called Mulliken charges determined by ab initiocc#étions show lower dispersion (reaching
from -0.59 to -0.85). Mulliken charges (comparingtMBER/RESP charges) determined for
Oa, Og, 03" and O1P atoms show somewhat lower valuesonitrast, the MM partial charge
on the OW oxygen atom from the TIP3P water mole@ilery close to itab initio Mulliken
value.

Therefore, we found necessary to unify a littledaittial charges of atoms considered here to
compete in binding of ions. Total energies of savarodel systems were optimized using ab
initio calculations: M§".6H,0, M¢f*.5H,0, H0, M¢f*.5H,0.CHOCH; a CHOCHs. Ab
initio energy of 36 kcal/mol was found to stabilidgO as well as CEODCH; binding toward
Mg*™*.5H,0. In contrast, molecular mechanical calculatiosma original partial charges
0.35 for Q/Og atomé“‘) produced energy gap of 27 kcal/mol for {LKCH; and 42 kcal/mol
for the TIP3P water molecule. Molecular mechanicalculations using refined partial
charges (this means -0.5 forn/@g atoms) pushed the stabilization energy toward 4Re
kcal/mol too. Interestingly, the resulting gap beén the old and new values of,00s
charges is the same as the difference between AMBEHRRMM partial charges for atom
O4' of ribose moiety (-0.3691/-0.5). It should heed, that CHARMM partial charges were
derived to reproduce ab initio interaction energiesveen model compounds and water.

New *.inpcrd (initial coordinates) and *.prmtop (feoular topology, force field etc.) files for
the whole simulated system were created by us@efTLEAP module (AMBER software
packag®). Fully solvated trajectories were computed witle &id of the NAMD software
package:’ Conventional computational procedures were usedogic boundary conditions,
cut off distances of 10A for the nonbonded intdoarst and the particle-mesh-Ewald method
for the summation of the coulombic interactions @Mrid size was chosen 64 in each
direction), MD time step 0.002 ps. Initially, forgs, the system was heated up to 310 K using
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a Langevin temperature equilibration scheme whatgraining the position of the solute. The
MD was then continued for 5 ns at constant T antst@nt P (using Langevin Piston) with all
restraints removed. Figures were produced withattie®f the VMD software packade.

Figures S5-S14:

Triple helical structures used as models in mokecdynamics simulations:
[T(T2-omeT]" e AT (T 2.0msT]"*" (Figure S5, S6), ([TimecT)sT]" “*rA16*[T (4
weoT)sT]™%*" (Figure S7, S8), [Ti(meoeol)sT]"  * rA16*[T(4-meoetd)sT] " (Figure S9, S10).
Binding of Md*ions toward the [T{meoedl)sT]" o rA16*[T(s-meoedl)sT] " triple helical
structure (Figure S11, S12). Two modes of contaeteeen M§' ions and one and/or two
oxygen atoms of C{O"zCHzQCH3 group in [TQ’.MeOEtoT)gT]WC’ I'A1()*[T( 4'-MeOEtOT)8T] Hgstn
(Figure S13). N&binding to the C4'-OCkmoiety in [T¢-meoT)sT]W CerA1g*[T(4-

weoT)sT] " triplex structure (Figure S14).
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Figure S8:[T(s-meoT)sT]" Ce rALHT( 4-meaT)sT] " — all atoms depicted — stereo view

\x /e

)
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Figure S9: [T(4-meoetdl)sT]V Co rAL1*[ T (4-meoetdl )sT] """ — hydrogen atoms omitted - stereo
view
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Figure S10: [T(s-meoedl)sT]W CorA1*[T(s-meoedl)sT]He™ — all atoms depicted — stereo
view
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Figure S11: [T(s-meord)sT]" e rA16*[T(4-meoedl)sT] " vs. M@ ions— hydrogen atoms
omitted - stereo view
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Figure S12: [T(4-meoroN)sT]" “erA16*[T(a-meordl)sT]"" vs. Md* ions — all atoms
depicted — stereo view
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Figure S13: (4'-MeOEtOT)26 and ('-MeOEtOT)27 and rA4-rA7 parts of [Tz;(MeOEtoT)gT]W.
c*A10*[T(2-meoktol )8 Tl Hgstn (Where Ap consists of residues 1-10, Watson-Crick strand
residues 11-20, Hoogsteen stran@sidues 21-30) bridged by Kigons — (top) stereo view,
(bottom) oxygen atoms serving as ligands for'Vaye indicated by red lines
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Figure S14:The §-vecT)26 and {.vecT)27 part of [TgveoT)sT]™ e rA1* [T (4-meol)sT] 4™
(where rAg consists of residues 1-10, Watson-Crick strancesidues 11-20, Hoogsteen
strand- residues 21-30) + NatH,O - (top) stereo view, (bottom) oxygen atoms sey\as
ligands for N& are indicated by blue lines.
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