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Abstract The synthesis and structure of 4'-CFs-uridine modified ribonucleotides are reported. Active 4'-CFs-uridine (“T™U)
phosphoramidite was prepared and successfully incorporated into oligonucleotides based on solid-supported synthesis. Molec-
ular dynamics simulations and NMR studies of the “T™U modified oligonucleotides revealed that the ribose of - T™U was
constrained in the South conformation, which was corroborated by the biochemical properties of the *T™U modified oligonu-
cleotide, such as their affinity to complementary strands and transesterification kinetics. The South-constrained conformation,
together with the intense '°F NMR signal of the - T™U makes it an ideal probe for studying the structure and function of RNA.
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1 Introduction

Modified nucleic acids have been extensively used in
biomedical research and clinics, ranging from RNA-
targeting therapeutics such as antisense oligonucleotides
(AONs) and small interfering RNAs (siRNAs) to aptamers,
catalytic ribozymes and DNAzymes, and probes for eluci-
dating the structure and function of nucleic acids.' Chem-
ical modifications can be introduced to the nucleobase,
phosphate backbone, and/or the ribose moiety. Modification
on the ribose is especially attractive because this type of
modifications can modulate the ribose puckering by elec-
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trostatic effect, which ultimately leads to a global structural
variation for nucleic acids.”) For instance, 2'-deoxy-
2'-fluoro (2'-F RNA) tune the sugar to a rigid North con-
formation (3'-endo, 2'-exo puckering, Figure 1A), rendering
the modified oligonucleotide increased affinity to target
RNA, and thus 2'-F RNA has been widely used in thera-
peutic AONs and siRNAs B! In contrast, 2'-deoxy-2'-fluoro-
f-D-arabinonucleic acid (2'-F ANA) constrains the sugar in
a South conformation (2'-endo, 3'-exo puckering).] Nu-
merous oligonucleotides with a variety of C2' modifications
have been prepared and found a wide range of practical
applications.l'?l However, 2'-OH is either absent or struc-
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turally/functionally perturbed in 2' modified nucleic acids,
which limits their applications given that 2'-OH plays an
irreplaceable role in particular biologically relevant cases.!!
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Figure 1 Modulation of the ribose conformation by chemical
modifications
(A) Two principal ribose puckering modes; (B) structures of 4' modified
ribonucleotides

Introducing modifications to the 4' of ribose renders
several beneficial characteristics.! 4' modifications, just
like 2'modifications, exert electrostatic effect and thus
modulate the ribose puckering.[? However, 4' modifications
are expected to lead to much less structural perturbation
because they locate on the edge of the backbone. In addi-
tion, 4'-modified ribonucleotides remain the 2'-OH function
and thus are invaluable for probing the structure and func-
tion of RNA. Due to the chemical instability and challeng-
ing synthesis, 4'-modified ribonucleotides have been rarely
reported. Recently, several 4' modified DNA and RNA
molecules were successfully synthesized.[®! 4'-Me modifi-
cation constrains ribose in South conformation, which
makes 4'-Me modified RNA an ideal probe in revealing the
effect of ribose conformation on the transesterifica-
tion-mediated RNA cleavage (Figure 1B).[* In contrast,
4'-F modification leads to no obvious effect on the ribose
puckering. ’F NMR signal of 4'-F RNA is highly sensitive
to RNA secondary structure and environmental variation,
and thus 4'-F RNA can be used to monitor RNA structural
dynamics and RNA-protein interactions.®®! Encouraged by
the striking features of 4'-modified ribonucleotides, we set
out to explore new molecular chemotypes.

Trifluoromethyl (CF3) modification has attracted wide
attention due to the following merits. First, the CF3 group
has three magnetically equivalent fluorine atoms, making it
a more sensitive probe than the F substitution in the '°F
NMR study. Second, CF; substitution exerts a stronger
stereoelectrostatic effect than CHj3 substitution. Third, CF;
is a highly lipophilic group. CF3 substitution facilitates the
cellular absorption and biodistribution of modified mole-
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cules.®I Thus, we expected that introducing a CF3 group to
the 4' of ribose may produce potent ribonucleotides for the
structural and functional studies of RNA. Herein, we report
the synthesis and structure of 4'-CF;-uridine modified oli-
goribonucleotides.

2 Results and discussion

4'-CF; modified nucleosides have been synthesized as
potential antivirus agents by Johnson and coworkers."!
They prepared 1 (Scheme 1A) as the key intermediate for
4'-CF; nucleosides. We thus started the synthesis of 4'-CF;
ribonucleotides from the known compound 1. Treating 1
with uracil in the presence of N,O-bis(trimethylsilyl)-
acetamide (BSA) and trimethylsilyl trifluoromethanesul-
fonate (TMSOTTf) gave the protected 4'-CF;-uridine (2).
After removal of the protection groups on hydroxyl groups,
the obtained nucleoside 3 was treated with 4,4'-dimethoxy-
trityl chloride (DMTr-Cl) to afford desired 4'-CF3-5'-O-
DMTr-uridine (4) in 25% yield. The low yield was ascribed
to the lower reactivity of 5'-OH relative to the 2'-OH,
4'-CF3-2'-O-DMTr-uridine and 4'-CF3-2'-O-DMTr-5'-O-
DMTr-uridine were also obtained in 50% and 15% yields,
respectively. After selectively protecting the 2'-OH of 4
with tert-butyl-dimethylsilyl chloride (TBDMS-CI), the
obtained 5 was successfully transformed to the phospho-
ramidite (6) by reacting with 2-cyanoethyl N,N-diiso-
propylchlorophosphoramidite. We found that this trans-
formation was inefficient under routine conditions, but
could be eventually promoted by microwave irradiation
(65 C, 100 W).

Next, we tried to introduce the 4'-CF3-uridine phospho-
ramidite (6) into oligonucleotides strand based on sol-
id-supported synthesis. Unfortunately, the coupling yield
was very low and almost no desired product could be ob-
tained. We considered that the steric hindrance of the 4'-CF3
may account for the low activity of phosphoramidite 6.
Thus two strategies were employed to improve its activity.
First, 2'-O-TBDMS was replaced by the less steric
2'-O-TOM group (TOM: [(triisopropylsilyl)oxy]methyl),!%]
and 7 was synthesized starting from 4 in one step (Scheme
IB). Second, a less steric phosphorylation agent, methyl
N,N-diethylchlorophosphoramidite, was used instead of the
standard 2-cyanoethyl N,N-diisopropylchlorophosphora-
midite.'! The phosphoramidite 8 was much more reactive
than phosphoramidite 6, and it could be incorporated into
oligonucleotides with acceptable yields (total yield ca.
20%) under optimized coupling conditions (5-ethylthio-1H-
tetrazole (ETT) used as the activator and coupling time 30
min).

Based on the building block 8, oligonucleotides with a
single 4'-CF;-uridine (**™™U) modification were synthe-
sized on an ABI 394 oligonucleotide synthesizer in 1 pmol
scale (Table 1). The solid supports were treated with 25%
aqueous ammonia/ethanol (V' : V=3 . 1)at55 ‘C for 12 h
to remove protecting groups on the bases and on the phos-
phate linkage, followed by incubation with 1 mol/L tetra-
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Scheme 1  Synthesis of 4'-CF3-uridine phosphoramidite

butylammonium fluoride in tetrahydrofuran (TBAF/THF)
to remove the 2'-O-TOM function. The obtained crude
products were purified by denaturing polyacrylamide gel
electrophoresis (PAGE) to afford pure products and their
structural integrities were confirmed by high resolution
mass spectrometry.

Table 1 Thermal denaturation (7w, ‘C) of Oligos/DNA and
Oligos/RNA duplexes”

. Vs cDNA Vs cRNA
Oligos Sequence (5'-3")
Tm  ATm Tm  ATm
Oligo 1 ((CCAUUAUAGC) 279 — 397 —
Oligo 2 r(CCAU*T™UAUAGC) 20.1 —7.8 335 —6.2
Oligo 3 d(CCATTATAGC) 20.8 — 272 —
Oligo 4 d(CCAT*TMUATAGC) 28.5 —1.3 273 +0.1

4 T values were measured in 10 mmol/L sodium phosphate buffer (pH 7.5)
containing 100 mmol/L NaCl and 0.1 mmol/L EDTA with a strand concentra-
tion of 2 pmol/L. ? AT,,= Ty, of modified duplex-T,, of corresponding unmodi-
fied duplex.

The introduction of a single *™U modification into
RNA strand (Oligo 2) led to a dramatic decrease in its af-
finity to complementary DNA and RNA strands. The
melting temperatures (7ms) of Oligo 2/cDNA and Oligo
2/cRNA were 7.8 'C and 6.2 C lower than the unmodi-
fied counterparts, respectively (Table 1). In contrast, a sin-
gle *T™U modification in DNA strand (Oligo 4) rendered
no obvious effects to the thermal stability of both DNA/
cDNA and DNA/cRNA duplexes. These results indicate
that the *™™U modification leads to much less structural
disturbance in DNA strand than in RNA strand, which is
consistent with *T™U exhibiting the South conformation
typical for native DNA.

Next, the ribose conformation of *™U in the context of
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oligonucleotide strand was studied based on molecular
dynamics simulations and NMR spectroscopy. Replica
exchange molecular dynamics (REMD) simulations of the
single-stranded RNA-5"-r[U*T™UA] showed that ca. 74%
of all sampled conformations of “™U are in the South
conformation (Figure 2A). In contrast, native U in the same
strand exists predominantly in the North conformation
(accounting for 70% of all sampled conformations). This
result suggests that the 4'-CF; modification reverses the
ribose puckering mode in the single-stranded RNA. Then,
the conformation of *T™U in the RNA duplex Oligo
2/cRNA was studied by NMR spectroscopy. In DQF-COSY
(double quantum-filtered correlation spectroscopy) spectra,
well resolved H1'-H2' cross-peak of *T™U was observed
and revealed a coupling constant of 9.0 Hz (Figure 2B).
This large value is consistent with the predominance of
South conformation. Collectively, *T™U exists predomi-
nantly in the South conformation not only in single-stranded
RNA but also in RNA duplex, indicating that the 4'-CF3
modification exerts a strong stereoelectronic effect and
firmly constrains the ribose in an uncommon South con-
formation.

Ribose conformation plays an important role in modu-
lating the ribonucleotide cleavage via internal transesteri-
fication. South-constrained ribonucleotide such as *M°U has
been shown to be more prone to cleavage via internal
transesterification than native ribonucleotide.®? Thus
4TM(J was introduced into the middle of an DNA strand
(Oligo 7, Table 2) and the transesterification reactions was
studied under both acid- and alkali-promoted conditions.
Cleavage of the oligonucleotide comprising *“"™U occurred
faster in comparison to the ones with the native ribonucleo-
tide U and *“M°U under all test conditions. This result once
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Figure 2 Ribose conformation of the *™U in the context of
RNA strands

(A) REMD simulations of the *™U in single-stranded RNA; (B) DQF
COSY NMR spectrum of dsRNA showing the resolved HI'-H2'
cross-peak of the *T™U residue

Table 2 Half-lives for embedded ribonucleotide cleavage in
single-stranded DNA“

5-d(CTTCTTTNTTACTTC)

Oligo 5° Oligo 6” Oligo 7
N=U N= 4‘-MeU N= 4'—TfMU
tiz atpH 12.4 33+03h 14+0.1h 09+0.1h
tipatpH 14.0 3342 min 8+ 1 min 6+ 1 min
t12 at pH 4.0 379+11h  206+19h 73+3h

¢ Reaction conditions: each Oligo (0.5 mmol/L) was incubation in an aqueous
solution containing KCI (1 mol/L) and MgCl, (5 mmol/L) at 23 C (for pH
12.4 and 14.0) or at 55 “C (for pH 4.0). » Data were taken from Ref. [8a].

again confirmed that *“"™U was constrained in the South
conformation.

We have previously demonstrated that 4'-Me modifica-
tion constrains ribose in the South puckering mode,?
whereas 4'-F modification exerts no obvious effect for the
ribose puckering and #FU, just like native U, exists mainly
in the North conformation.[®) CF; and F, both known as the
electron withdrawing groups, have the opposite electronic
effect compared to the electron donating Me group. How-
ever, *T™U exhibits similar ribose puckering preference to
the #MeU. These results indicate that it is not the electronic
but the steric effect of the 4'-CF3 that dictates the ribose
conformation.
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3 Conclusions

In summary, we have successfully synthesized the #T™U

phosphoramdite and incorporated it into oligonucleotides
based on solid-supported synthesis. Molecular dynamics
simulations and NMR studies of the *“T™U modified oli-
gonucleotides reveal that the ribose of *“T™U is constrained
in an uncommon South conformation. The thermal stability
and ribonucleotide cleavage study of the *™U modified
strands also corroborate that the 4'-CF3 modification con-
strains ribose in the South conformation. The rigid
South-constrained *™U thus can be used to study the
effect of ribose conformation on the function of RNA. In
addition, the relatively high intensity of '°F NMR signal of
the CF; group makes 4'-CF3 modified ribonucleotides ideal
probes for detecting the structures of RNA and RNA-pro-
tein interactions.!'”! These advantages of the 4'-CF; modi-
fication encourage us to further demonstrate the biomedical
application of 4'-CF; modified ribonucleotides. Research in
this area is ongoing.

4 Experimental section

4.1 General methods

Column chromatography was carried out on silica gel
(300~400 mesh). 'H NMR, '*C NMR and '°F NMR spec-
tra were recorded on a Bruker Avance 400 at ambient
temperature. REMD simulations and kinetic assay of ribo-
nucleotide cleavage in Oligo 7 under different conditions
were performed following our previously reported
method.[®
4.2 Synthesis of *™U phosphoramidites

(2R,3S,4R,5R)-2-((Benzoyloxy)methyl)-5-(2,4-dioxo-
3,4-dihydropyrimidin-1(2H)-yl)-2-(trifluoromethyl)tetra-
hydrofuran-3,4-diyl diacetate (2): A solution of uracil (90
mg, 0.80 mmol, 1.0 equiv.) and BSA (425 pL, 1.61 mmol,
3.0 equiv.) in anhydrous acetonitrile (15 mL) was refluxed
for 1.5 h. Compound 1 (240 mg, 0.536 mmol, 1.0 equiv.)
and TMSOTT (656 pL, 2.68 mmol, 5.0 equiv.) were added
into the system, followed by refluxing overnight. After
quenching with MeOH (0.2 mL), solvent was removed
under reduced pressure. The residue obtained was diluted
with ethyl acetate (80 mL) and washed with saturated so-
dium bicarbonate solution (40 mL) once followed by brine
(40 mL) once. The organic layer was dried over sodium
sulfate, filtered and concentrated on vacuum. The crude
residue was purified by flash column chromatography
(ethyl acetate (EA)/petrol ther (PE), V' I V=2 : 5) to afford
2 (0.22 g, 0.439 mmol, 82% yield). Rr=0.6 (EA/PE, V@
V=2 :5).'HNMR (400 MHz, CDCl;) &: 9.77 (s, 1H, NH),
8.07 (d, J=7.5 Hz, 2H, PhH), 7.62 (t, J=7.3 Hz, 1H, PhH),
7.51 (t, J=17.5 Hz, 2H, PhH), 7.22 (d, J/=8.1 Hz, 1H, C=
CH), 6.14 (d, J=5.8 Hz, 1H), 6.05 (d, J=6.7 Hz, 1H),
5.62~5.63 (m, 2H, H2', H3"), 4.74 (d, J=12.2 Hz, 1H,
H5"),4.67 (d,J=12.2 Hz, 1H, H5"), 2.17 (s, 3H, OAc-CH3),
2.10 (s, 3H, OAc-CHs); *C NMR (100.4 MHz, CDCls) &:
169.7, 168.8, 165.5, 163.0, 150.1, 140.0, 133.9, 129.8,
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129.8, 128.8, 128.8, 128.7, 123.2 (q, /=286.9 Hz, CF3),
103.7, 89.9, 84.3 (q, J=28.8 Hz, C'4), 71.8, 69.4, 63.1,
20.3, 20.3. HRMS caled for CyHyFsN,O9 [M + H] "
501.1076, found 501.1115.
1-((2R,3R,4S,5R)-3,4-Dihydroxy-5-(hydroxymethyl)-5-
(trifluoromethyl)tetrahydrofuran-2-yl)pyrimidine-2,4(1H,
3H)-dione (3): A solution of 2 (100 mg, 0.32 mmol, 1.0
equiv.) and 6 mL of 1 mol/L NHj/methanol solution in 50
mL round bottle flask was stirred overnight. Solvent re-
moval under reduced pressure afforded 3 (84.1 mg, 0.27
mmol, 84% yield). '"H NMR (400 MHz, CDCls) 6: 7.87 (d,
J=8.1 Hz, 1H, H6), 6.14 (d, /=8.0 Hz, 1H, H1"), 5.76 (d,
J=8.1 Hz, 1H, H5), 4.44 (d, J/=5.1 Hz, 1H, H3"), 4.37 (dd,
J=8.0, 5.9 Hz, 1H, H2"), 3.78 (q, J=11.6 Hz, 2H, HS',
H5"); 3C NMR (100.4 MHz, CDCl;) d: 165.9, 152.6, 142.2,
125.6 (J=284.9 Hz, CF3), 103.7, 89.6, 88.5 (J=26.0 Hz,
C4’), 743, 72.4, 629 HRMS calcd fOI‘ C10H11F3N20(,Na
[M+Na]" 335.0467, found 335.0500.
1-((2R,3R,4S5,5R)-5-((Bis(4-methoxyphenyl)(phenyl)-
methoxy)methyl)-3,4-dihydroxy-5-(trifluoromethyl)tetra-
hydrofuran-2-yl)pyrimidine-2,4(1H,3H)-dione (4). A solu-
tion of 3 (120 mg, 0.38 mmol, 1.0 equiv.), DMTr-CI (129.9
mg, 1.8 mmol, 1.2 equiv.) and 4-dimethylaminopyridine
(DMAP) (4.11 mg, 0.04 mmol, 0.1 equiv.) in anhydrous
pyridine (6 mL) was stirred under argon atmosphere at room
temperature overnight. After quenching with MeOH (1.0
mL), the mixture was concentrated under reduced pressure.
The residue obtained was diluted with dichloromethane (15
mL) and washed with saturated sodium bicarbonate solution
(10 mL) once followed by brine (10 mL) once. The organic
layer was dried over sodium sulfate, filtered and concen-
trated on vacuum. The crude residue was purified by flash
column chromatography (MeOH/DCM, V . V=3 : 20) to
afford 4 (60 mg, 0.0977 mmol, 25% yield). Rf=10.5
(MeOH/DCM, V : V=23 : 20). 'H NMR (400 MHz,
CDCl;) o: 7.47 (d, J=8.1 Hz, 1H, U-H6), 7.23~7.33 (m,
9H, ArH), 6.84~6.86 (m, 4H, ArH), 6.23 (d, /=6.9 Hz,
1H, H1"), 5.33 (d, /=8.1 Hz, 1H, HS), 4.69 (d, /=6.1 Hz,
1H, H3"), 4.59 (dd, J=6.6, 6.3 Hz, 1H, H 2), 3.73 (s, 6H,
OCH3), 3.58 (d, /=10.2 Hz, 1H, H5"), 3.51 (d, J/=10.1 Hz,
1H, H5"); 3C NMR (100.4 MHz, CDCls) 6: 163.0 (4-C=
0), 158.9, 158.9, 151.5, 143.5, 140.1, 134.6, 134.4, 130.1,
128.2, 128.1, 127.4, 113.5, 103.1, 89.2, 88.1, 73.7, 71.5,
55.2, 45.9. HRMS calcd for Cs3 HyoF3N,OgNa [M+Na]"
637.1774, found 637.1803.
1-((2R,3R,4S,5R)-5-((Bis(4-methoxyphenyl)(phenyl)me-
thoxy)methyl)-3-((fert-butyldimethylsilyl)oxy)-4-hydroxy-
5-(trifluoromethyl)tetrahydrofuran-2-yl)pyrimidine-2,4-
(1H,3H)-dione (5). To a solution of 4 (20 mg, 0.03 mmol,
1.0 equiv.) in anhydrous pyridine and THF (4 mL, V' . V=
1 I 1) was added silver nitrate (19.4 mg, 0.11 mmol, 3.5
equiv.) under argon atmosphere. Keeping the solution in an
ice-bath, TBDMS-CI (17.2 mg, 0.11 mmol, 3.5 equiv.) was
added, and the reaction was allowed to proceed overnight at
room temperature. After solvent removal under reduced
pressure, resulting residue was diluted with dichloro-
methane (15 mL) and washed with saturated sodium bi-
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carbonate solution (10 mL) once followed by brine (10 mL)
once. The organic layer was dried over sodium sulfate,
filtered and concentrated on vacumm. The crude residue
was purified by flash column chromatography (MeOH/
DCM, V' © V=3 : 20) to afford the product 5 (10 mg, 0.014
mmol, 43% yield). Re=0.7 (EA/PE, V. V=1 :.1). 'H
NMR (400 MHz, CDCL) ¢: 7.52 (d, J=8.2 Hz, 1H, U-H6),
7.23~7.36 (m, 9H, Ph-H), 6.88~6.90 (m, 4H, Ph-H), 6.20
(d, J=5.6 Hz, 1H, HI"), 5.41 (d, J=8.2 Hz, 1H, HY),
4.58~4.60 (m, 2H), 3.84 (s, 6H, OCH3), 3.64 (d, /=10.3
Hz, 1H, H5"), 3.56 (d, /=10.2 Hz, 1H, H5"), 0.94 (s, 6H,
iPr-H), 0.15 (s, 3H, Si-CH3), 0.09 (s, 3H, Si-CH3); *C NMR
(100.4 MHz, CDCl;) d: 163.0, 159.1, 158.9, 150.3, 150.1,
143.7, 139.7, 134.4, 134.2, 130.2, 130.1, 130.0, 128.3,
128.2, 128.0, 127.9, 127.6, 125.8, 113.6, 113.5, 103.4, 88.6,
88.3,87.2,74.7, 71.4, 63.2, 55.3, 55.2, 18.0, 17.9. HRMS
caled for C37H43F3NzogSiNa [NI‘“N&Tr 7512638, found
751.2585.
(2R,35,4R,5R)-2-((Bis(4-methoxyphenyl)(phenyl)meth-
oxy)methyl)-4-((tert-butyldimethylsilyl)oxy)-5-(2,4-dioxo-
3,4-dihydropyrimidin-1(2H)-yl)-2-(trifluoromethyl)tetra-
hydrofuran-3-yl (2-cyanoethyl) diisopropylphosphorami-
dite (6): To a solution of 5 (250 mg, 0.34 mmol, 1.0 equiv.),
DMAP (3.8 mg, 0.03 mmol, 0.1 equiv.) and N,N-diiso-
propylethylamine (DIPEA, 177.4 mg, 1.37 mmol, 4.0
equiv.) in dry dichloromethane (3 mL) was added
2-cyanoethyl-N,N-diisopropylchlorophosphoramidite (162
mg, 0.69 mmol, 2.0 equiv.) under argon atmosphere. The
reaction was conducted with 100 W microwave irradiation
at 65 ‘C for 30 min. After quenching with one drop MeOH,
the solvent was removed under reduced pressure. Crude
residue was purified by flash column chromatography
(DCM with 0.5% Et;N, MeOH from 2% to 5%) to afford
product 6 (222.9 mg, 0.25 mmol, 70% yield). '"H NMR (400
MHz, CDCl3) ¢6: 7.43 (d, J/=8.2 Hz, 1H, H6), 7.37 (d, J=
7.1 Hz, 2H, PhH), 7.31 (dd, /=6.9, 7.8 Hz, 2H, PhH),
7.25~7.27 (m, SH, PhH), 6.84 (d, /=8.8 Hz, 4H, PhH),
6.18 (d, /=6.4 Hz, 1H, H1"), 5.42 (d, J/=8.1 Hz, 1H, HY),
4.79 (dd, J=5.9, 12.9 Hz, 1H, H3"), 4.46 (dd, /=6.2, 6.2
Hz, 1H, H2'), 3.97~4.02 (m, 1H, (‘Pr),-CH), 3.84~3.88
(m, 1H, (‘Pr),-CH), 3.80 (s, 6H, CH3-O-Ph), 3.60~3.66 (m,
2H, O-CHy»), 3.52 (dd, J/=10.3 Hz, 2H, H5', H5"), 2.66 (dd,
J=6.1 Hz, 2H, CH,-CN), 1.18 (d, J=6.7 Hz, 6H, ‘Pr-H),
1.08 (d, J=6.7 Hz, 6H, 'PrH), 0.90 (s, 9H, #~BuH), 0.13 (s,
3H, CHsSi), 0.01 (s, 3H, CH3Si); *'P NMR (162 MHz) &:
150.78; YF NMR (376 MHz) : —72.25. HRMS calcd for
C45H60F3N409PSiNa [1\/I‘|‘NEI]+ 9293898, found 929.3694.
1-((2R,3R,4S,5R)-5-((bis(4-methoxyphenyl)(phenyl)me-
thoxy)methyl)-4-hydroxy-5-(trifluoromethyl)-3-(((triiso-
propylsilyl)oxy)methoxy)tetrahydrofuran-2-yl)pyrimidine-
2,4(1H,3H)-dione (7): A solution of 4 (150 mg, 0.24 mmol,
1.0 equiv.), DIPEA (126.2 mg, 0.98 mmol, 4 equiv.) and
(chloromethyl)(tris(propan-2-yloxy))silane (88.96 mg, 0.29
mmol, 1.2 equiv.) in dry 1,2-dichloroethane (10 mL) was
stirred at room temperature for 1 h followed by 80 ‘C for
another 1 h. After quenching with one drop MeOH, the
solvent was removed under reduced pressure. Crude residue
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was purified by flash column chromatography (EA/PE, V' :
V=3 1 10, volume fraction 1% Et;N) to afford product 7
(39 mg, 0.05 mmol, 20% yield). Rr=0.65 (EA/PE, V . V=
7 :20). '"H NMR (400 MHz, CDCl;) 6: 7.44 (d, J=7.3 Hz,
1H, H6), 7.20~7.31 (m, 9H, PhH), 6.73~6.80 (m, 4H,
PhH), 6.01 (d, /=7.2 Hz, 1H, H5), 5.78 (d, J=4.0 Hz, 1H,
CH,), 5.72 (d,J=4.0 Hz, 1H, CH»), 5.53 (d, /=5.6 Hz, 1H,
H1"), 541 (t, J=5.8, 5.7 Hz, 1H, H2"), 3.77 (s, 3H,
Ph-OMe), 3.78 (s, 3H, Ph-OMe), 3.75~3.76 (m, 2H, HS',
H5"), 3.46 (d, J=5.1 Hz, 1H, H3"), 2.53 (s, 1H, 3'-OH),
1.08~1.10 (m, 21H, Pr); 3C NMR (100.4 MHz, CDCl5) ¢:
170.5, 159.1, 155.1, 147.9, 143.9, 134.9, 134.6, 130.0,
129.8, 128.1, 127.7, 127.5, 113.6, 96.9, 88.6, 88.2, 72.3,
70.4, 62.7, 552, 17.8, 17.7, 11.9. HRMS caled for
C41H51F3N209SiNa [M‘i‘Na]Jr 8233214, found 823.3213.

(2R,3S,4R,5R)-2-((bis(4-methoxyphenyl)(phenyl)meth-
oxy)methyl)-5-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-
2-(trifluoromethyl)-4-(((triisopropylsilyl)oxy)methoxy)te-
trahydrofuran-3-yl methyl diethylphosphoramidite (8): To a
solution of 7 (115 mg, 0.14 mmol, 1.0 equiv.), DMAP (3.8
mg, 0.03 mmol, 0.2 equiv.) and DIPEA (74.1 mg, 0.57
mmol, 4.0 equiv.) in dry 1,2-dichloroethane (5 mL) under
argon atmosphere, 1-chloro-N,N-diethyl-1-methoxypho-
sphanamine (48.5 mg, 0.29 mmol, 1.2 equiv.) was added
and stirred at room temperature for 6 h. After quenching
with one drop MeOH, the solvent was removed under re-
duced pressure. Crude residue was purified by HPLC (C18,
21.2 mmX250 mm, 5 pum, Innoval ODS-2, Cat No.:
1X952520-2. The mobile phase was A: water, B: MeCN.
5% of B was used at the beginning and it was gradually
increased to 25% at 25 min, and then kept constant until 50
min. Flow rate 10 mL/min) to afford 8 (80 mg, 0.09 mmol,
60%; HPLC retention time 45 min) as a mixture of two
isomers. '"H NMR (400 MHz, CDCls) 6: 7.27~7.41 (m,
16H, PhH, H6), 6.85~6.88 (m, 6H, PhH), 6.22 (d, J=6.9
Hz, 1.5H, H1"), 5.45 (d, J=8.1 Hz, 1.5H, H5), 4.88~5.01
(m, 3H, CH), 4.71~4.86 (m, 1.5H, H3'"), 4.55~4.62 (m,
1.5H, H2"), 3.82 (s, 10H, Ph-O-Me), 3.55~3.65 (m, 2H,
H5', H5"), 3.45 (d, J=12.3 Hz, 1.5H, CH3), 3.31 (d, J=
12.3 Hz, 3H, CH3), 1.01~1.10 (m, 36H, iPr, Et); 3'P NMR:
152.86, 150.76; '"F NMR (376 MHz): — 72.598, —
72.841. HRMS calcd for CysHesF3N3010PSi [M + H] '
934.4051, found 934.40009.

4.3 Synthesis of oligonucleotides

All Oligonucleotides were synthesized in 1 umol scale
on an ABI 394 oligonucleotide synthesizer based on
standard DNA/RNA synthesis reagents and cycles.
2'-O-TBDMS strategy was employed for oligo-RNA syn-
thesis. For incorporating *“"™U, extended coupling time
(30 min) was used. After synthesis, solid supports were
treated with 1 mL of 25% aqueous ammonia/ethanol (7 :
V=3 :.1) at 55 ‘C for 16 h. The supernatant was then
separated from the solid supports, and evaporated to dry-
ness. The residue was treated with 1 mL of 1 mol/L TBAF
in THF at room temperature for 20 h. After quenching with
10 mL of distilled water, it was applied to a Sep-Pak C18
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column (Waters, WAT020805) according to the manufac-
turer’s instructions. The obtained crude products were pu-
rified by denaturing PAGE. The integrity of these oligonu-
cleotides was characterized by ESI-Q-TOF mass spectros-
copy.

4.4 Thermal denaturation studies

A solution containing 1.0 umol/L duplex in a phosphate
buffer (10 mmol/L, pH 7.2, 100 mmol/L NaCl, 0.1 mmol/L
EDTA) was heated at 75 ‘C for 5 min, then cooled to
room temperature slowly. The UV/VI Spectrometer
Lambda 35 was used to determine the change in absorb-
ance at 260 nm. The sample temperature was increased
from 13 C to 55 ‘C with the heating rate of 0.5 ‘C/min.
Melting temperatures were determined as the maxima of
the first derivatives. The value of T, is the average of at
least three independent measurements.

4.5 Structural characterization of 4T™U modified
oligonucleotides by NMR spectroscopy

NMR samples were prepared by dissolving RNA oligo-
nucleotides in aqueous solution supplemented with 20
mmol/L potassium phosphate buffer (pH 6.8). The RNA
concentration per single strand was in the range between 0.2
and 0.4 mmol/L. No pretreatment (heating, cooling etc.)
were used before performing NMR experiments. NMR data
were collected on an Agilent (Varian) NMR Systems 800
MHz spectrometer in the temperature range from 5 C to
15 C in 90%/10% H>O/D>0 or in 100% D,0O. 'H NMR
and NOESY (nuclear overhauser effect spectroscopy)
spectra were acquired with the use of DPFGSE (double-
pulsed-field-gradient-spin-echo) ~ solvent  suppression
method. NOESY spectra were acquired at mixing times in
the range between 60 and 300 ms. TOCSY (total correlation
spectroscopy) spectra were acquired at mixing time of 40
ms. DQF-COSY spectra were acquired in 100% D,O. NMR
spectra were processed and analysed using VNMRIJ (Varian
Inc.) and Sparky (UCSF) software.

Supporting Information 'H NMR, 3C NMR, °F NMR,
3P NMR, 2D NMR and HRMS spectra, and representative
gel images. The Supporting Information is available free of
charge via the Internet at http://sioc-journal.cn/.
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