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Starting from 5’-0O-tosylthymidine, sequential azidation and Cu-catalyzed [3+2] azide-alkyne 1,3-dipolar
cycloaddition led to the formation of a 3’,5'-pentathymidine in high yield. The whole process needed
only work-up/precipitation steps and was completed within just 18 min, thanks to microwave activation.
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1. Introduction

Synthetic oligonucleotides play pivotal roles in the design of
molecular tools used in genomic research and biotechnology.!
Antisense and triple helix therapies are two major applications of
these oligomeric structures.? Oligonucleotide analogues have thus
attracted a lot of interest and more especially those harboring
a non-phosphodiester backbone.> However, nucleoside chemistry,
made extremely delicate because of numerous reactive sites, re-
quires appropriate and often cumbersome protection/deprotection
steps. Thus, reduction in their number constitutes an attractive
challenge. In this way, the Huisgen 1,3-dipolar cycloaddition* be-
tween azides and alkynes, performed by the recently discovered
copper(1) catalysis® appears as a promising way to generate oligo-
mers® and particularly non-natural oligodeoxyribonucleotides,
which can resist chemical or enzymatic depolymerization. More-
over the 100% regioselective formation of 1,4-disubstituted-1,2,3-
triazole conserves the directional character of DNA strands. At last,
microwave activation, associated to Cu-catalyzed [3+2] azide-al-
kyne cycloaddition, dramatically decreases reaction time.”

2. Results and discussion

In conjunction with our efforts to generate rapidly and ef-
ficiently oligonucleosides® we were especially interested in
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a new strategy beginning with the selective 5-O-tosylation of
thymidine.

The tosyl group is a good compromise; it can be used as a
protective group and it can easily generate azido-functionalized
compounds. Thus, tosylated thymidine was transformed into
5’-azidothymidine and, in a separate reaction, 3’-hydroxyl was
alkylated by an alkynylbromide, then these two precursors were
conjugated using the [3+2] cycloaddition reaction.

Selective tosylation of the primary hydroxyl group of thymidine
gave the already known product 1.° Then azidation of 1 using
15 equiv of sodium azide in DMF produced in 91% yield precursor 2
after 1 min microwave activation (120 °C, 300 W).!° Alkyne 3 was
obtained by regioselective 3’-O-alkylation using Chattopadhyaya’s
two-step method!! under microwave irradiation. During the first
step compound 1 was activated (40°C, 200W, 3 min) with
2.5equiv of NaH in THF then in the second step 2.5 equiv of
propargyl bromide was added and the mixture was irradiated
3 min. The reaction produced compound 3 in 96% yield (Scheme 1).

Derivatives 2 and 3 were then coupled using copper(I)-catalyzed
cycloaddition in order to obtain 1,4 dithymidine-substituted-1,2,
3-triazole 4 (Scheme 2). Optimization of this reaction has been de-
scribed in a previous paper.? Alkyne and azide precursors were sus-
pended in a 1:1 mixture of water and ethanol, together with catalyst
and sodium ascorbate. After 3 min of irradiation, treatment with THF
gave dimer 4 in excellent yield (92%). Despite of a TLC analysis, which
unveiled traces of remaining compound 3, the reaction mixture
containing dimer 4 was directly used in following steps.

Tosyldithymidine (4) was then converted into ‘azido’ dimer 5 by
using the same conditions as for synthesis of compound 2. In this
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Scheme 1. Preparation of precursors 2 and 3. Reagents and conditions: (i) NaN3;, DMF,
MW (120 °C, 300 W, 1 min); (ii) (1) NaH, THF, MW (40 °C, 200 W, 3 min), (2) propargy!l
bromide, MW (40 °C, 200 W, 3 min).

case 2 min (120 °C, 300 W) of activation were necessary for the
total disappearance of the starting tosylated compound. Treatment
with THF led to the desired product in 94% yield.

A click reaction between compounds 5 and 3 using the same
reagents and activation time as for dimer 4 gave—without purifi-
cation—trimer 6 in quantitative yield. These two steps of azidation
and [3+2] cycloaddition were repeated under identical conditions
and provided ‘azido’ trimer 7 (80%) and tetramer 8.> Compound 8
precipitated during the reaction. After filtration and washing with
THF, pure tosyltetramer was isolated in 72% yield. Azidation of
compound 8 in DMF gave ‘azido’ tetramer 9 in 93% yield after
extraction with THFE. Since tetramer is insoluble in H,O/EtOH, Cul/
DIPEA/DMEF click system®!® was used for [3+2] cycloaddition and
gave pentamer 10 after 3 min of microwave activation (120 °C,
300 W). After precipitation with water and filtration, pure penta-
thymidine was isolated in 99% yield.

Overall process combining the five steps from the first to the last
cycloaddition reaction totaled only 18 min; pure pentamer 10 was
synthesized in 46% overall yield from 2.

Structures of isolated products 3-10 were determined by 'H, 1°C,
TH-TH CoSsY, *C-"H HMQC, and *C-"H HMBC measurements (after
purification of each product by preparative chromatography, except
for compounds 8-10).

3. Conclusion

In conclusion, a new, fast, and efficient procedure using alter-
nating azidation and click chemistry was developed for tetrathy-
midine analogue synthesis. Microwave activation was used
throughout and provided 10 in good yield. Continued advancement
of this strategy could find interesting applications in solid phase
synthesis to generate a new family of oligonucleotide analogues.

4. Experimental
41. General methods

All the solvents and chemicals were commercially available and,
unless otherwise stated, were used as received. Reactions were
monitored by thin layer chromatography (TLC) on precoated 0.2 mm
silica gel 60 F54 (Merck) plates and visualized in several ways: with
an ultraviolet light source at 254 nm, by spraying with sulfuric acid
(6 N), and heating to 200 °C. Microwave irradiations were performed
by the means of an Ethos 1600 MicroSynth reactor from Milestone.
Temperature was measured with a fiber optic thermometer (ATC-
FO)/Ethos. 'TH NMR spectra were recorded at 400.13 MHz with
a Briiker DPX spectrometer. Chemical shifts (6) are expressed in parts

per million with Me4Si as an internal standard (6=0). Data are
reported as follows: chemical shift, multiplicity (s, singlet; d, dou-
blet; t, triplet; q, quartet; m, multiplet, and br, broad), coupling
constants (Hz), and assignment. Melting points (mp) were de-
termined with an Electrothermal Digital Melting Point Apparatus
IA9000 series. IR spectra were recorded on a Perkin-Elmer 1310
grating spectrophotometer and are reported in wave number (cm ™).

4.2. Synthesis

4.2.1. Synthesis of precursor 2

Compound 1 (100 mg, 0.38 mmol) was treated with 15 equiv of
sodium azide (372 mg, 5.7 mmol) in DMF (8 mL) and was activated
by microwave for 1 min (120 °C, 300 W). Compound 2 gave intense
purple spots after spraying first PPh3/Et,O then ninhydrin and
heating. The mixture was evaporated and purified by flash chro-
matography with a CHCl3/MeOH elution gradient. Pure product was
obtained as a white solid in 91% yield; mp=164-166 °C; IR: ymax
(cm~1)=3366, 2104, 1690, 1645. '"H NMR (DMSO-dg) thymine: 11.32
(br s, 1H, N-H), 7.49 (s, 1H, Hg), 1.79 (s, 3H, CH3); ose: 6.20 (t, 1H,
J=7 Hz, Hy), 5.41 (d, 1H, J=3.7 Hz, OH), 419 (m, 1H, Hz'), 3.85 (br dd,
1H,J=5.2,8.9 Hz, Hy),3.58 (dd, 1H, J=5.3,13.0 Hz, Hs/,), 3.53 (dd, 1H,
J=5.3,13.0 Hz, H51,), 2.25 (ddd, 1H, J=6.5, 7, 13.6 Hz, Hy'3), 2.09 (ddd,
1H, J=3.7, 6.4, 13.5 Hz, Hy). >°C NMR (DMSO-dg): 163.6 (C4), 150.5
(€2),136.0(C6),109.7 (C5),84.5(C4),83.8(C1’),70.6 (C3'),51.6 (C5’),
38.0 (€C2'), 12.0 (CH3); MS (IS) m/z=268.1 (M+H™"), 290.1 (M+Na™),
306.1 (M+K"), 535.3 (MH"M), 557.2 (MNa*M), 824.3 (M3Na™).

4.2.2. Synthesis of precursor 3

To a solution of compound 1 (1.011 g, 2.55 mmol) in dry THF
(15 mL) was added 2.5 equiv of NaH (60%, 255 mg, 6.38 mmol) and
the mixture was activated by microwave irradiation (40 °C, 200 W,
3 min). Propargyl bromide of 2.5 equiv (80% in toluene, 690 pL,
6.38 mmol) was then added and the mixture was activated by
microwave irradiation (40 °C, 200 W, 3 min). After work-up (NH4Cl/
H,0) and purification by chromatography (chloroform as eluent) 3
was recovered in 96% yield (1.107 g); mp=40-41°C; IR: vmax
(cm~1)=3040, 2359, 1688, 1361. '"H NMR (DMSO-dg) thymine: 11.34
(brs, 1H, N-H), 7.41 (d, 1H, Ju, cu, = 0.8 Hz, Hg), 1.77 (s, 3H, CH3);
ose: 6.08 (dd, 1H, J=6.5, 7.7 Hz, Hy/), 4.27 (dd, 1H, J=3.6, 10.9 Hz,
Hs,), 4.25 (m, 1H, Hy), 4.21 (dd, 1H, J=5.5, 10.9 Hz, Hs,), 4.08 (m,
1H, Hy), 2.29 (ddd, 1H, J=6.3, 7.7,14.2 Hz, Hy3), 2.22 (ddd, 1H, J=6.3,
6.5, 14.2 Hz, Hyp); tosyl: 7.79 (d, 2H, J=8.2 Hz, Hy, Hg), 7.48 (d, 2H,
J=8.2 Hz, Hs, H5), 2.40 (s, 3H, CH3); propargyl: 4.18 (d, 2H, J=2.3 Hz,
CHy), 3.47 (t, 1H, J=2.3 Hz, C-H). 3C NMR (DMSO-ds): 163.5 (Ca),
150.3 (C3), 135.7 (Cs), 109.5 (Cs), 84.3 (Cy/), 80.6 (Cy'), 77.8 (C3/), 69.9
(Csr), 35.3 (Cy), 11.9 (CH3); tosyl: 145.1 (Cy4), 131.2 (Cq), 130.1 (G5, Cs),
127.5 (Cy, Cs), 21.0 (CH3); propargyl: 79.9 (C), 77.4 (CH), 56.2 (CHy);
MS (IS) m/z=435.2 (M+H"), 457.2 (M+Na'), 891.3 (MNa"M).

4.3. General procedure for click chemistry

Compound 2 (317 mg, 1.19 mmol), 3 (490 mg, 1.13 mmol), sodium
ascorbate (680 uL, 1 M, 0.6 equiv), and copper sulfate pentahydrate
(17 mg, 0.06 equiv) were suspended in a 1:1 mixture of water and
ethanol (4 mL each) in a 25 mL bicol (open reaction vessel). The
mixture was then irradiated for 3 min at 80 °C, using an irradiation
power of 300 W. After work-up (THF), the crude residue was con-
centrated in vacuo and product 4 was recovered as a white solid (92%).

4.4. Compounds 4-10

4.4.1. Compound 4

Isolation by preparative chromatography: CHCI3/EtOH (8:2). 'H
NMR (DMSO-dg) thymines: 11.33 (s, 1H, NH), 11.30 (s, 1H, NH), 7.40
(d, 1H, J=0.8 Hz, Hgp), 7.34 (d, 1H, J=0.9 Hz, Hga), 1.79 (d, 3H,
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Scheme 2. Synthesis of pentathymidine 10. Reagents and conditions: (i) 3, CuSO4 (0.06 equiv), Na ascorbate (0.6 equiv), H,O/EtOH (1:1), MW (80 °C, 300 W, 3 min); (ii) NaN3, DMF,
MW (120 °C, 300 W, 2 min); (iii) 3, Cul (1 equiv), DIPEA (3 equiv), DMF, MW (120 °C, 300 W, 3 min).

J=0.5Hz, 54CH3), 1.77 (d, 3H, J=0.5 Hz, 5gCH3); oses: 6.16 (br t,
1H, J=7.0 Hz, Hya), 6.09 (br t, 1H, J=7.5 Hz, Hyp), 5.50 (d, 1H,
J=4.4Hz, OH), 4.71 (dd, 1H, J=4.4,14.2 Hz, H5p), 4.61 (dd, 1H, J=7.6,
14.2 Hz, Hs1p), 4.28 (dd, 1H, J=3.4, 10.7 Hz, Hs5), 4.28 (m, 1H, Hs/a),
422 (dd, 1H, J=5.5, 10.9 Hz, Hs5p), 417 (br ddd, 1H, J=3.0, 5.7 Hz,
Hsg), 4.09 (m, 1H, Hy'g), 4.07 (br dd, 1H, J=4.2, 7.6 Hz, Hy/4), 2.23 (m,
2H, Hyg), 2.17 (br dd, 1H, J=6.7, 13.7 Hz, Hy4), 2.10 (ddd, 1H, J=3.9,
6.4,13.5 Hz, Hy'p); linker: 8.08 (s, 1H, Hiriazol), 4.54 (d, 1H, J=12.2 Hz,
CH>), 4.51 (d, 1H, J=12.1 Hz, CHy); tosyl: 7.79 (d, 2H, J=8.3 Hz, H,,
He), 747 (d, 2H, J=8.2 Hz, Hs, Hs), 2.40 (s, 3H, CH3). 13C NMR
(DMSO-CIG) thymines: 163.6 (C4A, C4B), 150.4 (CzA or CzB), 150.3 (CZA

or ng), 136.1 (CGA). 135.8 (CGB)y 109.8 (C5/.\, C5B), 121 (5/\CH3 or
5gCH3), 12.0 (5aCH3 or 55CH3); oses: 84.3 (Cyg), 84.0 (Cy/a or Cqp),
839 (C]fA or C4/A), 80.8 (C4fB), 78.3 (C3fB), 70.7 (Cg/A), 701 (C5fB), 51.2
(Csa), 37.9 (Ca), 35.6 (Cyp); linker: 143.6 (Ciriazo1), 124.7 (CHtriazol),
62.1 (CHy); tosyl: 145.2 (C4), 132.1 (C1), 130.2 (C3, Cs), 127.6 (Ca, Cg),
211 (CH3); mp=153-155°C; IR (cm™'): ¥max=3651, 3550, 1691,
1363, 1176; MS (IS) m/z=724.3 (M+Na™).

4.4.2. Compound 5
Isolation by preparative chromatography: CHCIs/EtOH (8:2). 'H
NMR (DMSO-dg) thymines: 11.30 (s, 2H, 2NH), 7.44 (br s, 1H, Hgg),
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7.29 (br s, 1H, Hga), 1.78 (br s, 6H, 54CH3, 55CH3); oses: 6.20 (br t, 1H,
J=7.3 Hz, Hy/a), 6.18 (br t, 1H, J=8.4 Hz, Hy'g), 5.50 (d, 1H, J=4.4 Hz,
OH), 4.71 (dd, 1H, J=4.4, 14.3 Hz, Hs/4), 4.61 (dd, 1H, J=7.6, 14.4 Hz,
Hsa), 4.28 (br ddd, J=3.6, 6.6 Hz, H3/a), 4.15 (br ddd, 1H, J=2.5,
5.3 Hz, Hyg), 4.07 (br dd, 1H, J=4.0, 7.6 Hz, Hya), 4.03 (m, 1H, Hyg),
3.60 (dd, 1H, J=6.2, 13.1 Hz, Hs), 3.55 (dd, 1H, J=4.6, 13.2 Hz, Hsp),
2.22 (m, 2H, Hyg), 2.16 (br dd, 1H, J=6.8, 13.7 Hz, Hya), 2.07 (ddd,
1H, J=3.8, 6.4, 13.4 Hz, Ho); linker: 8.11 (s, 1H, Heiazol), 4.61 (d, 1H,
J=11.9 Hz, CH3), 4.58 (d, 1H, J=11.9 Hz, CH>). 13C NMR (DMSO-dg)
thymines: 163.6 (C4A, C4B), 150.3 (CzA, CZB)- 135.7 (CGA), 135.5 (CGB),
109.8 (Csa, Csg), 12.5 (54CH3 or 55CH3), 12.4 (5aCH3 or 55CH3); oses:
84.1 (C]fA or C]/B), 84.0 (C1/A or C]fB), 83.8 (C4fA), 81.9 (C4fB), 79.1
(Cyp), 70.8 (Cxp), 52.0 (Csp), 51.3 (Csp), 38.0 (Can), 354 (Cap):
linker: 143.7 (Criazol), 124.8 (CHgriazo1), 62.1 (CHy); mp=197-199 °C;
IR (cm™): ymax=3050, 2103, 1694: MS (IS) m/z=595.3 (M+Na™).

4.4.3. Compound 6

Isolation by preparative chromatography: CHCI3/EtOH (7:3). 'H
NMR (DMSO-dg) thymines: 11.33 (br s, 2H, 2NH), 11.30 (br s, 1H, NH),
7.41 (brs, 1H, Hgg), 7.39 (br s, 1H, Hgc), 7.34 (br s, 1H, Hga), 1.79 (br s,
9H, 3CH3); oses: 6.17 (br t, 1H, J=7.0 Hz, Hya), 6.11 (br t, 1H,
J=6.8 Hz, Hy/¢), 6.09 (br t, 1H, J=6.5 Hz, Hy/g), 5.50 (d, 1H, J=4.3 Hz,
OH), 4.72 (dd, 1H, J=4.4, 14.3 Hz, Hsa or Hsg), 4.71 (dd, 1H, J=4.2,
14.1 Hz, Hsp or H5/B), 4.64 (dd, 1H,_]:7.1, 14.6 Hz, Hs/a o1 H5/B), 4.62
(dd, 1H, J=6.3, 14.1 Hz, Hsp or Hsp), 4.35-4.25 (m, 3H, Hs/a, H3,
Hyg), 4.26 (m, 1H, Hs¢), 4.20 (dd, 1H, J=5.5, 10.9 Hz, Hs¢), 4.17 (m,
1H, H3fc), 411-4.06 (lTl, 2H, Hya, H4lc), 2.35-2.05 (m, 6H, Hy/a, Ho'g,
Hy¢); linkers: 8.11 (s, 1H, Hriazo1), 8.09 (s, TH, Hgriazol), 4.59 (d, 1H,
J=12.6 Hz, p_gCH3), 4.56 (d, 1H, J=12.6 Hz, p_gCH3), 4.55 (d, 1H,
J=12.6 Hz, g_cCH3), 4.52 (d, 1H, J=12.6 Hz, 3_cCH>); tosyl: 7.79 (d,
2H,J=8.2 Hz, Hy, Hg), 7.46 (d, 2H, J=8.2 Hz, H3, Hs), 2.40 (s, 3H, CH3).
13C NMR (DMSO-dg) thymines: 163.6 (C4a, Cag, Cac), 150.4 (2C: Ca o1
Cyg or Cyc),150.3 (1C: Cyp o1 Cog or Cyc), 136.0 (2C: Cga or Cgp or Cge),
135.8 (ICZ CGA or CﬁB or Csc), 109.9 (1CZ C5A or C5B or C5c), 109.8 (ZCZ
Csa or Csp or Csc), 12.1 (3CH3); oses: 84.4 (Cyg or Cyc), 84.3 (Cy/g Or
Cyc), 84.0 (Cy/a), 83.9 (Cqp), 81.5 (CyB), 80.8 (Cyc), 79.0 (C38), 78.3
(Cg/c), 70.7 (C3fA), 70.1 (Csfc), 513 (C51A or Csfg), 51.2 (C5fA or C5'B),
37.9 (Cya), 35.6 (CyB), 35.1 (Cyc); linkers: 143.7 (Ciriazol), 143.6
(Ctriazol)» 124.7 (CHgriazo1), 124.6 (CHgriazol), 62.1 (2CHy); tosyl: 145.2
(C4), 132.1 (Cq), 130.2 (G5, Cs), 127.6 (Cy, Cg), 21.1 (CH3); mp=170-
173 °C; IR (cm™1): vmax=3055, 1686, 1364, 1176; MS (IS) m/z=1007.4
(M+H), 1029.3 (M+Na™), 1045.3 (MK™).

4.4.4. Compound 7

Isolation by preparative chromatography: CHCI3/EtOH (7:3). 'H
NMR (DMSO-dg) thymines: 11.31 (s, 3H, 3NH), 7.52 (d, 1H, J=0.7 Hz,
Heg), 7.41 (d, 1H, J=0.6 Hz, Hgc), 7.35 (d, 1H, J=0.7 Hz, Hga), 1.80 (br
s, 3H, 5ACH3 or 53CH3 or 5CCH3), 1.79 (bI' s, 6H, 5ACH3 or 5BCH3 or
5cCH3); oses: 6.16 (br t, 1H, J=7.0 Hz, Hya or Hy), 6.14 (br t, 1H,
J=6.7 Hz, Hy'a or Hy), 6.11 (br t, 1H, J=6.7 Hz, Hy¢), 5.51 (d, 1H,
J=4.4 Hz, OH), 4.73 (dd, 1H, J=4.2, 14.3 Hz, Hy3), 4.70 (m, 2H, Hs/a,
Hsg), 4.62 (dd, 1H, J=7.6, 14.6 Hz, Hs/4), 4.32 (br ddd, J=2.6, 5.2 Hz,
Hyg), 4.30 (m, 1H, Hz), 4.29 (m, 1H, Hs/a), 4.17 (br ddd, 1H, J=2.7,
5.7 Hz, Hsz¢), 4.09 (br dd, 1H, J=4.3, 7.7 Hz, Hya), 4.05 (br dd, 1H,
J=41, 6.8 Hz, Hy(), 3.59 (dd, 1H, J=6.2, 13.1 Hz, Hs(), 3.55 (dd,
1H, J=5.2, 13.1 Hz, Hs/¢), 2.35-2.23 (m, 4H, Hy, Ho¢), 2.19 (br dd,
1H, J=6.8, 13.7 Hz, Hys), 2.11 (ddd, 1H, J=3.9, 6.3, 13.4 Hz, Hya);
linkers: 8.14 (s, 1H, Hgrazol), 8.10 (s, 1H, Hgrazol), 4.61 (d, 1H,
J=12.2 Hz, o_gCH>), 4.58 (d, 1H, J=12.2 Hz, o-gCH>), 4.58 (d, 1H,
J=12.2Hz, p_cCH,), 4.55 (d, 1H, J=12.2 Hz, g_.cCH). 3C NMR
(DMSO—dG) thymines: 163.6 (C4A, Cy4B, C4c), 150.5 (1CZ Cop or Cyg Or
Cyc),150.4 (2C: Cop o1 Cap o1 Cac), 136.0 (Cga, CoB, Coc), 109.9 (2C: Csp
or Csp or Cs¢), 109.8 (1C: Csp or Cspg or Csc), 12.1 (3CH3); oses: 84.4
(Cyrc), 84.2 (Cy/), 84.0 (Cya), 83.9 (Cyqa), 82.1 (Cyc), 81.5 (CyB), 79.0
(CgIB or Cg/c), 78.9 (C3/B or C3/C), 70.7 (C3fA), 519 (C5/c), 51.3 (Csz or
Csfg), 51.2 (C5/A or C5/B), 379 (szA), 35.2 (CZ’B or szc), 35.0 (CZ’B or

Cyc); linkers: 143.8 (Ciriazol), 143.6 (Ceriazol), 124.7 (2CHiriazol), 62.1
(CH,), 62.0 (CH,); mp=240-242 °C; IR (cm™!): rmay=3360, 2103,
1686; MS (IS) m/z=900.3 (M+Na™).

4.4.5. Compound 8

Isolation by precipitation. "H NMR (DMSO-dg) thymines: 11.34
(brs,3H,3NH), 11.31 (brs, 1H, NH), 7.41 (br s, 1H, Heg), 7.40 (br s, 1H,
Hgc or HGD)v 7.39 (bl‘ s, 1H, Hgc or HGD)v 7.35 (bl‘ s, 1H, HGA)v 1.79 (bl‘ S,
9H, 5oCH3, 5¢CH3s, 5pCH3), 1.77 (br s, 3H, 55CH3); oses: 6.17 (br t, 1H,
]:7.0 Hz, H]fA), 6.12 (bl’ t, 1H,]:6.0 Hz, Hy/g or H]fc or H1fD), 6.11 (bl‘
t, 1H, J=7.1 Hz, Hyg or Hy/c or Hyp), 6.09 (br t, 1H, J=6.5 Hz, Hy/g or
Hycor Hyp), 5.52 (d, 1H, J=4.3 Hz, OH), 4.73 (dd, 1H, J=4.6, 14.5 Hz,
Hsg or Hsic), 4.72 (dd, 1H, J=4.2, 14.0 Hz, Hs/4), 4.70 (m, 2H, Hsg or
Hs/c), 4.65 (dd, lH, ]:7.4, 144 HZ, lH, H5/B or H5/C), 4.62 (dd, 1H,
J=6.6, 14.0 Hz, Hs'), 4.35-4.25 (m, 5H, Hs/a, H3', Ha's, H3'c, Ha0),
4.26 (m, 1H, Hsp), 4.21 (dd, 1H, J=5.5, 10.9 Hz, H5p), 417 (m, 1H,
H3/D), 4.11-4.06 ([1’1, 2H, H4fA, H4fD), 2.35-2.15 (m, SH, HzfA, Hsz, Hzfc,
Hyp); linkers: 8.12 (s, TH, Hyriazo1), 811 (s, TH, Hgjazol), 8.10 (s, 1H,
Htriazol)v 4.57 (m, 4H, A_BCHz, B—CCHZ)- 4.54 (d, 1H, ]:12.6 Hz,
c-pCHy), 4.51 (d, 1H, J=12.6 Hz, c_pCHy); tosy!l: 7.79 (d, 2H, J=8.2 Hz,
H,, He), 7.46 (d, 2H, J=8.2 Hz, H3, Hs), 2.39 (s, 3H, CH3). 13C NMR
(DMSO-dg) thymines: 163.6 (1C: C4a or C4p or C4c or C4p), 163.5 (3C:
Cyp or C4p or Cyc or Cyp), 150.3 (Caa, C2B, Cac, Cap), 135.9 (Cga, Case,
CGD)- 135.7 (CGB)- 109.8 (C5A, C5B, C5c, C5D), 12.0 (4CH3): oses: 84.3
(2C2 Cyg or Cyc or C]/D), 84.2 (]CZ Cyg or Cyrc or C1'D), 83.9 (C1/A),
83.8 (Cya), 81.4 (Cyp, Cqc), 80.8 (Cyp), 78.9 (Csrg, C3¢), 78.2 (C3p),
70.6 (C3/A), 70.0 (C5fD), 51.2 (ZCZ Csra 0r Cyg Or Csfc), 511 (]CI Csp 01
Csg or Csc), 37.8 (Cya), 35.5 (Cog), 35.0 (Corc, Corp); linkers: 143.6
(2C: Criazol), 143.5 (Ctriazol), 124.7 (CHtriazol), 124.6 (2C: CHiriazol),
62.0 (3CHy); tosyl: 145.1 (C4), 131.9 (C1), 130.1 (Cs, Cs5), 127.5 (Cy, Cg),
20.7 (CH3); mp=197-199 °C; IR (Cmq): Ymax=3056, 1698, 1369; MS
(IS) m/z=1334 (M+Na™).

4.4.6. Compound 9

Isolation by work-up (THF/CHCl3/H,0). 'TH NMR (DMSO-dg)
thymines: 11.32 (br s, 4H, 4NH), 7.52 (br s, 1H, Hgg), 7.40 (br s, 2H,
Hsc, HGD), 7.35 (bl‘ s, 1H, HGA)v 1.80 (bl‘ s, 6H, 5cCHs, 5DCH3), 1.79 (bl‘ S,
6H, 5sCH3 5gCH3); oses: 6.17 (br t, 1H, J=7.0 Hz, Hy/a), 6.15 (br t, 1H,
]:7.9 Hz, Hy'g or H]fc or H]fD), 6.12 (bl‘ t, 1H,]:7.2 Hz, Hyg or H]fc or
Hyp), 6.11 (brt,1H, J=7.0 Hz, Hy;g or Hycor Hyp), 5.52 (br s, 1H, OH),
4.75-4.65 (m, 5H, Hs/s or Hy or Hsc), 4.62 (dd, 1H, J=7.6, 14.6 Hz,
Hs/a), 4.35-4.26 (m, 5H, Hs'a, H3'g, Hyg, H3'c, Ha¢), 417 (br dd, 1H,
J=2.8, 5.6 Hz, Hyp), 4.09 (br dd, 1H, J=4.2, 7.6 Hz, Haa), 4.05 (br dd,
1H, J=3.0, 6.3 Hz, Hap), 3.59 (dd, 1H, J=6.3, 13.0 Hz, Hsp), 3.55 (dd,
1H, J=4.6,13.1 Hz, H5p), 2.34-2.22 (m, 6H, Hyg, Hy'c, Hyp), 2.19 (br
dd, 1H, J=7.1,13.3 Hz, Hya), 2.11 (ddd, 1H, J=4.0, 6.3, 13.4 Hz, Hya);
linkers: 8.14 (s, TH, Heriazol), 8.12 (s, TH, Heriazol), 8.10 (s, TH, Heriazol),
4.60 (d, 2H, _]:12.2 Hz, A—BCHZ or B—CCHZ or C—BCHZ)- 4.58 (d, 4H,
]:12.2 Hz, o_.gCH> or B,cCHz or C,BCHz). BC NMR (DMSO—dG) thy—
mines: 163.6 (C4a, C48, Cac, C4p), 150.5 (1C: Ca or Cyp or Coc or Cap),
1504 (3CZ Cop or Cyg Or Czc or Cz[)), 136.1 (CGA. CGBv Cec, Cs[)), 109.9
(Csa, CsB, Csc, Csp), 12.1 (4CH3); oses: 84.5 (2C: Cyg or Cyc or Cyp),
84.2 (1CZ C]fB or C]fc or C]fD), 84.0 (CyA), 83.9 (C4IA), 82.1 (C4fD), 81.6
(CaB, Cqc), 79.0 (Csrg, C3¢), 78.9 (C3p), 70.7 (C3/a), 51.9 (Cs5p), 51.2
(ZCI C5/A or C5/B or C5/C), 51.1 (1CZ C5/A or C5/B or C5/C), 379 (Cz/A), 35.2
(1C: Cyg or Cyc or Cyp), 35.1 (2C: Cyp or Cyc or Cyp); linkers: 143.8
(Ctriazol), 143.7 (Ctriazol)y 143.6 (Ctriazol)- 124.8 (CHtriazol)y 124.7 (2C3
CHiriazol)s 62.1 (2C: CHp), 62.0 (CHy); mp=140°C; IR (cm™'):
Vmax=2103; MS (IS) m/z=1205.4 (M+Na™).

4.4.7. Compound 10

Isolation by precipitation using H,0. 'H NMR (DMSO-dg) thy-
mines: 11.33 (br s, 5H, 5NH), 7.47 (br s, 1H, Hga or Hgp or Hgc or Hgp
or Hgg), 7.38 (br' s, 3H, Hga or Hgg or Hgc or Hgp or Hgg), 7.33 (br s, 1H,
Hga or Hgp or Hgc or Hgp or HGE)- 1.79 (bI' s, 15H, 5ACH3, 53CH3, 5cCH3,
5pCHs, 5gCH3); oses: 6.16 (br t, 2H, J=7.0 Hz, Hy'a or Hy'g or Hy/c or
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Hyp or Hyg), 6.10 (br t, 3H, J=6.9 Hz, Hy'a or Hy/g or Hyc or Hyp or
H1/E), 5.56 (bl' d, lH,_]:Z.O Hz, OH), 4.74-4.58 (m, SH, H5/A, H5/B, H5Ic,
Hsp), 4.38-4.20 (m, 9H, Hya, Hy's, Hys, H3c, Ha'c, Hyp, Hap, Hs),
417 (m, 1H, Hy), 410-4.07 (m, 2H, Haa, Hag), 2.30-2.09 (m, 10H,
Hz/A, Hsz, Hzfc, Hzf[), Hsz); linkers: 8.12 (bI' S, 3H, Htriazol)v 8.09 (S, lH,
Htriazol): 4,58 (1‘1‘1, 8H, o-gCH3, s_cCH>, c_.pCH>, D_ECHz): l'OS_VlI 778 (d,
2H, J=8.0 Hz, Hy, Hg), 7.48 (d, 2H, J=8.0 Hz, H3, Hs), 2.39 (s, 3H, CH3).
13C NMR (DMSO-dG) thymines: 163.7 (C4A, C4B, C4¢, Cyp, C4E), 150.4
(Caa, C28, Cac, Cap, CaE), 136.1 (Cea, CoB, Coc, Cop, CoE), 109.9 (Csa, Csp,
C5c, C5D, C5E), 121 (5CH3): oses: 84.5 (ZCZ Cypgor C]fc or C]fD), 84.4
(1C: Cyg or Cyrc or Cy/p), 84.1 (Cy/a, Cr/g), 83.9 (Cqa), 81.5 (Cy, Cac,
C4fD, C4fE), 79.1 (1CZ C3fB or Cgfc or C3/D or C3fE), 79.0 (3CZ C3fB or C3/C
or Czp or C3g), 70.7 (C3a), 67.0 (Csg), 51.3 (3C: Csp o1 Csrp O Csrc OF
C5/D), 51.2 (1CZ CS’A or C5fB or Csfc or Cst), 379 (CZ’A): 35.1 (Cz/B, Cz/c,
Cyp, Cyg); linkers: 143.7 (2C: Ciriazol), 143.6 (2C: Ciriazol), 124.8
(CHtriazo1), 124.7 (3C: CHgriazol), 62.1 (3CHy), 61.7 (1CHy); tosyl: 145.2
(C4),132.2 (C1),130.2 (C3, Cs), 127.6 (Ca, Cg), 20.8 (CH3); mp=277 °C;
IR (cm™1): ¥max=3055, 1690, 1366; MS (IS) m/z=1639 (M+Na™).
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