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Abstract

Viral RNA 2’-O-methyltransferases play a crucial role for luring the host cell innate antiviral response
during a viral infection by catalyzing either the methylation of the 5’-end RNA cap-structure at 2’-OH
of nucleoside N1 or by inducing internal 2’-O-methylation of adenosines within RNA sequence using
S-adenosyl-L-methionine (SAM) as the methyl donor. Our goal is to synthetized bisubstrate SAM
analogues mimicking the transition state of the 2’-O-methylation of the RNA in order to block viral 2’-
O-methyltransferases and struggle against emerging viruses. Here we designed and synthesized five
dinucleosides by connecting a 5’-thioadenosine representing the SAM to the 2’-OH of another adenosine
unit mimicking the RNA substrate, via various sized sulfur-containing linkers such as alkylthioether
linkers, sulfoxide or sulfone derivatives, or a disulfide bond.

Introduction

Emerging RNA viruses (eg., Dengue, Zika, SARS, MERS, Ebola viruses) are important human
pathogens causing substantial health and economic burden.™*! Their spreading is, among others, linked
to their rapid evolution combined with their capacity to escape antiviral response by hiding their RNA
from detection by antiviral sensors or restriction factors.??l The viral replication/transcription complex
contains enzymes essential for virus replication, which are involved in RNA synthesis (polymerase) and
RNA capping. The cap structure, consisting of a guanosine linked by a 5’-5’-triphosphate bridge to the
5’-end of messenger RNAs, protects viral RNA from degradation by cellular nucleases. Particularly, our
research aims at studying and targeting viral RNA Methyltransferases (MTases) which play a crucial
role by catalyzing the methylation of the RNA cap-structure using S-adenosyl-L-methionine (SAM) as
the methyl donor. Viral N7-MTase methylates the cap at the nitrogen in position N7 of guanosine in
order to allow RNA translation into viral proteins.®! The cap structure is also often methylated at the 2’-
O-position of the N1 residue (adenosine or guanosine) by 2’-O-MTase. Moreover, internal 2’-O-
methylations of viral RNA have been demonstrated with Sudan ebolavirus, Dengue and Zika viruses,
and HIV.™ These 2’-O- methylations were recently evidenced as self-markers, hiding viral RNA from
detection by RIG-like receptorsi?® 51 and limiting the restriction of viral replication by IFIT1/3
molecules.®! It is now currently admitted that these key enzymes are potent antiviral targets, as their
inhibition will both unmask the viral RNA to the innate immunity and limit the virus replication. Small-
molecule RNA MTase inhibitors (Sinefungin, 5’-methylthioadenosine (MTA), SAM or S-adenosyl-L-
homocysteine (SAH) have already been described but these SAM analogs show inadequate selectivity
due to the high homology of SAM binding domain of the different RNA MTases.”! To overcome this
lack of selectivity, we propose to develop another approach with bisubstrate nucleosidic analogues as
2’-O-MTase inhibitors by mimicking the transition state of the 2’-O-methylation of the RNA cap
structure (Scheme 1).1"1
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Scheme 1. The 2’-O-methyltransferase reaction on the cap structure of a mRNA with its transition state
intermediate

These analogues consist of a SAM analogue without the amino acid side chain, covalently bound to the
2’-OH of an adenosine unit via various sized linkers containing one or two sulfur atoms. In this bi-
substrate approach, the SAM analogue has been designed to accommodate the SAM binding pocket of
the 2°-O-MTase and the adenosine unit represents the 5’-end nucleoside (N1) of mMRNA to fit in the
RNA binding pocket (Figure 1).
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Figure 1. Rationale for designing a library of diverse bisubstrate SAM analogues for RNA 2’-O-methyltransferases

In the same way, several bisubstrates for diverse methyltransferases (DNA MTases, catechol MTase,
protein MTases,* nicotinamide MTasel*!...) have been previously reported in the literature.
Nevertheless, it is noteworthy some relevant examples of the use of bisubstrate nucleosidic analogues
for the study of nucleic acids methyltransferases. Particularly, P. Arimondo developed transition state
analogues of DNA methylation based on the coupling of cytosine analogues to adenosine to give 5-
methylcytosine-adenosine compounds.*?  Moreover, the first bisubstrates targeting RNA
methyltransferases have been described in 1986 and one compound designed with the SAM moiety
linked to the C6 of a guanine derivative demonstrated an inhibitory activity against vaccinia RNA N7-
guanine MTase for the N7-methylation of the 5’-cap structure.™®! More recently, in the context of
deciphering the roles of N6m-A RNA modifications and consequently exploring the functions of N6-A
RNA MTases, SAM-adenosine conjugates mimicking the transition state of methylation at N6 were
synthesized by connecting a SAM analogue to the N6-position of an adenosine unit via alkyl and urea



linkers. The binding of these bisubstrate analogues for Ribosomal RNA large subunit MTase J (RImJ)
has been studied and they were shown to be useful as starting scaffolds for inhibitor design against m6A
RNA MTases."*® Beside these few examples, none other RNA MTases have been targeted by bisubstrate
analogues.

In this work, we report on the synthesis of five S-adenosyl-5’-thioadenosine conjugates as bisubstrate
analogues for the study of RNA 2’-O-methyltransferases. All these compounds were designed with a
5’-thioadenosine linked to the 2’-OH of an adenosine unit through alky! linkers of various length (methyl
or ethyl) and/or different oxidation degrees of the sulfur atom. Indeed, we first focused on the sulfide-
containing linkers (S-linkers) that represents the most fitting motives to mimic the SAM structure closely
in comparison to other linkages with diverse heteroatoms in place of S. Moreover, S-linkers are attractive
as they are stable and non-hydrolysable. This was previously shown with the synthesis of several 2’-
dialky! S-linked dinucleosides which were incorporated into oligonucleotide analogues for the study of
their hybridization properties in antisense purposes.™*8! Furthermore, the corresponding sulfoxides and
sulfones are of interest for chemists as they result from simple thioether oxidation and these groups are
commonly found in nature as well as in the structure of some active drugs (Disulone®, Modiodal®). The
presence of sulfoxide and sulfone was also noted in aminoglycoside-Coenzyme A bisubstrates targeting
aminoglycoside N-6’-acetyltransferase.l*’l Recently, two SAM structural analogues, a sulfoxide and a
sulfone derived from SAH have been synthesized as substrates for the study of their reductive cleavage
by radical SAM enzymes.[*®l In addition, it should be mentioned that a cytosine or a thymine
dinucleoside 3’,5’-bridged by a sulfone-containing linker has been described in the literature for the
synthesis of stable sulfonyl-containing antisense oligonucleotides.* Inspired by this work, the S-linked
dinucleoside 1 has been oxidized in sulfoxide (SO, 2) or sulfone (SO, 3) since these sulfur functional
groups might improve chemical stability and solubility in water of the bisubstrates (Figure 1). Likewise,
the disulfide bridge represents an attractive functional group to design another S-linker. The disulfide
bonds are widely found in natural biological systems and play a central role in protein stability, they are
able to undergo disulfide-exchange reactions with thiols over a broad range of pH. Interestingly, some
disulfide dinucleosides as nicotinamide adenine dinucleotide (NAD) mimics were reported to inhibit
several NAD kinases.!?®! In similar way, we linked two adenosines via an alky! disulfide bond to yield
the 2’,5’-disulfanyl dinucleoside 5.

Results and Discussion

Synthesis of adenine dinucleoside 1 with a methylthioether linker. Two strategies have been tested
to obtain the dinucleoside 1 with a methylthioether linker between both adenosines Al and A2 (Figure
1). The first one has consisted in the coupling of 2’-O-acetylthiomethyl-N®-phenoxyacetyl adenosine
previously described by our group?Y], bearing a pro-nucleophile site at 2’-position, and the commercially
available 5’-O-tosyl adenosine or 5’-Cl-adenosine, both bearing an electrophile site at 5’-position. A
basic medium (7M NHs/MeOH or BuNH./THF) released a nucleophilic thiolate at 2’-position of Al
prone to react with A2. Nevertheless, the dinucleoside coupling was unsuccessful due to the too fast
degradation of the 2’-thiohemiacetal species into adenosine. In the second strategy, the reactivity centers
were reversed in the synthons Al and A2 with a thioacetyl group as the pro-nucleophile site at 5’-
position of A2 and a 2’-chloromethyl group as electrophile in Al. The coupling was similarly achieved
in basic medium to generate the nucleophilic thiolate in A2, capable to attack the chloromethyl group.

Following this strategy, we first synthesized the 2’-chloromethyl derivative 6 from the commercial 3*,5’-
O-tetraisopropyldisiloxane (TIPDS) N®-phenoxyacetyl adenosine via a 2’-O-methylthiomethyl
derivative (Pummerer rearrangement) upon a described procedure (Scheme 2).2Y This compound 6
remains stable for 2 h at room temperature therefore requires a rapid utilization in the next coupling



with a 5’-thiolate. In parallel, the introduction of the thioacetyl group at 5’-position of 2°,3’-
isopropylideneadenosine was achieved by a Mitsonubu reaction with 98% yield to give compound 7
which was subsequently 2’,3’-deprotected in acidic conditions affording 5’-thioacetyl adenosine 8.2
Then, several basic conditions (7M NH3z / MeOH; nBuNH; in THF; NaOMe / MeOH; KOH / MeOH)
have been screened to give the thiolate derivatives of 7 or 8, and to compare the coupling efficiency
with 6. It is worth mentioning that the 5’-thioacetyl adenosine 8 was totally converted into its thiolate
derivative within short reaction times from 10 min with KOH / MeOH to 30 min with other basic
conditions whereas the 5’-thiolate of 2’,3’-protected adenosine 7 was only formed at 50% within 2 h
with NH3 / MeOH or 16 h with NaOMe or KOH in MeOH. Consequently, the coupling was more
efficient with 5’-thiolate from 8 than from 7. The 5°,3’-TIPDS dinucleoside 10 was obtained with 61%
yield from the coupling of potassium thiolate salt of 8 with the chloromethyl nucleoside 6 in a mixture
dichloromethane / methanol after 2 h reaction at room temperature. The last step was the removal of the
TIPDS group with a fluoride ions treatment for 2 h at 50°C to release the S-(2’-O-methyladenosyl) 5’-
thioadenosine 1 with 89% yield and high purity after purification by C18-reversed-phase silica gel
chromatography.
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Scheme 2. Synthesis of S-(2’-O-methyladenosyl) 5°-thioadenosine 1. A = adenine. AP* = N&-
phenoxyacetyl adenine

Synthesis of adenine dinucleosides 2 and 3 with sulfoxide- or sulfone-containing linkers. To extend
the series of thioether-linked dinucleoside, sulfoxide- or sulfone-containing linkers were evidently
designed. The ease of preparation of oxidized sulfides and the potential increase of affinity for enzymes
by allowing two extra H-bonds between the oxygen of S=O and these two hydrogen bonds prompted us
to oxidize the sulfur atom of dinucleoside 1 into sulfoxide 2 or sulfone 3 derivatives (Scheme 3).
Selective oxidation of the sulfide can be performed with several oxidizing agents such as m-
chloroperbenzoic acid (m-CPBA), sodium periodate, potassium hydrogen persulfate (oxone®).



However, m-CPBA was not soluble in the THF/MeOH/H-0 solution mixture required for dissolution of
the substrate 1 and sodium periodate led to the oxidizing cleavage of the cis-diol-containing adenosine
as a side reaction. Finally, oxone® was selected for its ease of use, stability, non-toxicity and solubility
in the reaction mixture. The reaction with 3’,5’-TIPDS dinucleoside 10 was complete after 3 h at 0°C
after addition of three equivalents of oxidant in three portions. HPLC analysis of the crude material
exhibited two peaks with a 68/32 ratio corresponding to the sulfoxide 11 and the sulfone 12, respectively.
Dinucleosides 11 and 12 were isolated after purification with 30% and 21% vyield, respectively. Then,
11 and 12 were deprotected with a fluoride treatment to give the sulfoxide dinucleoside 2 with 38%
yield and the sulfone dinucleoside 3 with 32% vyield after purification by Cis reversed-phase
chromatography. HPLC analysis of 2 exhibits two peaks with 74/26 ratio corresponding to the two (R)
and (S) diastereoisomers. No attempt was made to determine the absolute stereochemistry at the sulfur
atom. The sulfoxide-linked dinucleoside 2 will be first evaluated as a diastereoisomeric mixture in the
inhibition assays.
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Scheme 3. Synthesis of S-(2’-O-methyladenosyl) 5’-sulfoxide adenosine 2 and S-(2’-O-methyladenosyl)
5’-sulfone adenosine 3

Synthesis of adenine dinucleoside 4 with an ethylthioether linker. The dinucleoside 4 with a longer
ethylthioether linker than the one of 1 was synthesized by coupling the 2’-O-modified adenosine 13 with
an electrophile site at 2’-position and the 5’-thiolate derivative from 8. Thus, the 2’-O-(tosylethyl)
adenosine 13 was prepared in four steps from adenosine following a described procedure for the three
first steps (Scheme 4).[2%
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Scheme 4. Synthesis of S-(2’-0-ethyladenosyl)-5’-thioadenosine 4

The first step has consisted in introducing a methylester group preferentially at 2’-position whereas the
3’-OH and 5’-OH were unprotected. The reaction was conducted in the presence of NaH and the 2’-O-
(methoxycarbonylmethyl) adenosine was the main compound isolated with satisfactory 42% yield. The
3’- and 5’-isomers were also formed at a lower extent. The next step was the masking of 3’-OH and 5’-
OH by tert-butyldimethylsilyl (TBS) groups with 83% yield. The reduction of the ester function in the
presence of LiAlIHs gave the 5°,3’-O-TBS 2’-O-(2-hydroxyethyl) adenosine quantitatively. Unlike
reported work described the alcohol activation with a mesylate group,® in our case the mesylate
derivative was unstable and the coupling between both adenosines did not succeed. In contrast, the
tosylate derivative 13 obtained with 86% yield was stable and was reacted with the 5’-potassium thiolate
adenosine from 8 to give the 2°,5’-ethylthioether-linked dinucleoside 14 (19%).241 This low yield would
have been improved by addition of 18-crown-6 ether to increase the reactivity of the thiolate
nevertheless preliminary assays had shown that the separation by gel chromatography of 14 from 18-C-
6 ether could not be achieved. Finally, an EtsN. 3HF treatment was applied to remove the TBS groups
from 14 to afford the dinucleoside 4 in 44% yield after purification.

Synthesis of adenine dinucleoside with a disulfide linker 5. To generate the disulfide bridge between
two adenosines, a thiol-disulfide exchange reaction has been intended between a thiolate derivative at
2’-position of Al and a 5’-disulfanylnitropyridine adenosine A2 in basic conditions with release of 2-
thio-5-nitropyridine. In a first attempt, the coupling was performed between one equivalent of 2’-O-
methylthioacetyl N8-Pac-adenosine 160% (at 58 mM concentration) obtained from the chloromethyl
derivative 6, and an excess (1.2 eq) of 5’-disulfanylnitropyridine adenosine 18 prepared from 5’-
acetylthioadenosine 8 (Scheme 5).[?%4 The reaction was carried out at 0°C in the presence of 7M
ammonia in methanol and after 15 min, three peaks were noticed in the reverse-phase HPLC
chromatogram with a 35/45/20 ratio (Figure S14). These three major peaks have been assigned to three
dinucleosides with the linker attached at different positions in the adenosines (Scheme S1). The main
peak corresponds to the desired dinucleoside 5 with a 2’,5’-disulfide linker. The other peaks were
assigned to the symmetrical dinucleosides with 2’,2’- or 5’,5’-disulfide-linker resulting from the
coupling of synthon 16 or synthon 8 with themselves, respectively.
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Scheme 5. Synthesis of S-(2’-O-methylthioadenosinyl)-5’-thioadenosine 5

Next, the conditions of the coupling reaction have been optimized to obtain the dinucleoside 5 with an
improved yield. Either a higher (91 mM) or a lower (23 mM) concentration for 16 were tested and it
was shown that a diluted solution of 16 at 23 mM was favorable to a high proportion (73%) of 5 in the
crude mixture. In contrast, increasing the amount of 18 up to 3 equivalents rather promoted the formation
of the 5°,5’-disulfide link dinucleoside. However, even though in the optimized conditions, the
dinucleoside 5 was the major compound in the mixture, we were not able to isolate 5 with high purity
and in sufficient amount due to a delicate separation of the three dinucleosides which may be explained
by the similarity of their structure. To improve this separation, we introduced the lipophilic
dimethoxytrityl (DMTr) group at 5’-position of 16 to give 5’-O-DMTr 2’-O-SAc adenosine 17. This
nucleoside 17 used at 23 mM concentration was reacted with 1.8 equivalent of 18 in 7M NHs/MeOH to
give the three dinucleosides as previously. However, the ratio was different and the benefit of the
lipophilicity of DMTr group was crucial for the separation since the dinucleoside with 2’,2’-disulfide
linker is DMTr-protected at both 5’-positions (Rt 15.66), the dinucleoside with 5°,5’-disulfide linker is
the most polar with both 5’-OH (Rt 4.29) and the dinucleoside 19 has only one DMTr group at 5’-
position of Al (Rt 10.68) (Figure 2). It is noteworthy that to get rid of the remaining excess of 5’-
nitropyridinyl disulfide adenosine 18 by reverse-phase chromatography the use of a 50 mM
triethylammonium acetate buffer pH7 instead of water as eluent was recommended to avoid
contamination of all the fractions by the nitropyridine derivative. Indeed, the pyridine moiety exists
under protonated/deprotonated equilibrium in water and 18 spreads out all over the column
chromatography. After purification, HPLC analysis showed that the isolated compound 19 was 75%
pure and 5’-O-DMTr adenosine was characterized as the main contaminant resulting from the total
deprotection of 17 in basic medium during the coupling reaction.
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Figure 2. Reverse-phase HPLC profile of the crude mixture after the coupling reaction between 17 (23
mM) and 18 (1.80 eq)

Finally, dinucleoside 19 was engaged in the last deprotection step to remove the DMTr group with 80%
acetic acid in water to give the disulfanyl-linked dinucleoside 5 that was isolated with high purity after
purification by Cis-chromatography in 15% vyield over 2 steps (coupling and deprotection).

Conclusion

In this paper, we report the synthesis of five adenine dinucleosides with S-linkers as bisubstrate SAM
analogues for 2’-O-methyltransferases that catalyze the 2’-O-methylation of the 5’ cap of viral mMRNA
or at internal positions within RNA sequence. These bisubstrates contain a 5’-thioadenosine mimicking
the SAM adenosine and attached to the 2’-position of another adenosine through an alkyl S-linker,
mimicking the 5’-end of RNA substrate. Such analogues were designed as mimics of the transition state
of the 2’-O-methylation of RNA with both partners of the reaction. The evaluation of the bisubstrate
analogues as inhibitors of various 2’-O-MTases of emerging viruses (Zika, Dengue, Ebola, SARS,
MERS) is currently in progress. Moreover, the S-linked adenine dinucleosides are valuable tools to start
structural studies on viral MTases before further studies with short RNAs incorporating the bisubstrate
molecules at 5’-end or at internal positions. Rationally, the prospects of this work stand the synthesis of
new bisubstrates with other heteroatom-containing linkers therefore the synthesis of analogues with
amine-type linkages (OCH2CH:NRy) is ongoing.

Experimental section

General Methods. DIEA was distilled over calcium hydride. All dry solvents and reagents
were purchased from commercial suppliers and were used without further purification. Thin-
layer chromatography (TLC) analyses were carried out on silica plate 60 F2s4. Purifications by
column chromatography were performed using Biotage Isolera 1 system with Column Flash
Pure from Buchi. NMR experiments were recorded on Bruker 400, 500 or 600 spectrometers
at 20°C. HRMS analyses were obtained with electrospray ionization (ESI) in positive mode on



a Q-TOF Micromass spectrometer. Analytical HPLC was performed on a UHPLC
Thermoscientific Ultimate 3000 system equipped with a LPG-3400RS pump, a DAD 3000
detector and an WPS-3000TBRS Autosampler, Column Oven TCC-3000SD. Dinucleosides 1-
5 were analyzed by RP-HPLC (Macherey Nagel Nucleodur Cig 3 pum, 4.6 x 75 mm). The
following HPLC solvent systems were used: 1% CH3CN in 12.5 mM TEAAc (buffer A), 80%
CH3CN in 12.5 mM TEEACc (buffer B). Flow rate was 1 mL/min. UV detection was performed
at 260 nm. Lyophilized compounds 1-5 were stored at -20°C for several months without any
degradation.

S-(3’,5’-(tetraisopropyldisiloxane-1,3-diyl)-2’-O-methyladenosyl)-5’-thioadenosine 10

To a solution of 3°,5’-O-tetraisopropyldisiloxane 2’-O-methylthiomethyl N°-phenoxyacetyl
adenosine! (0.50 g, 0.71 mmol, 1.00 eq) in anhydrous CH.Cl, (2.50 mL) was added 1.0 M sulfuryl
chloride (SOCl.) in dichloromethane (1.10 mL, 1.06 mmol, 1.50 eq) diluted in anhydrous CH,Cl, (2.50
mL) in a dropping funnel. The reaction mixture was stirred for 2 h at room temperature under argon.
The solvent was removed under vacuum and the crude mixture of 6 was diluted in anhydrous CHCl (3
mL). In parallel, 5’-thioacetyl adenosine 8 (0.39 mg, 1.20 mmol, 1.70 eq) suspended in MeOH (2 mL)
in a round flask was treated with a solution of potassium hydroxide KOH (0.14 g, 2.49 mmol, 3.50 eq)
in MeOH (4 mL). The reaction mixture was stirred for 30 min at 0°C under argon. The chloromethyl
derivative 6 was directly added to the solution containing the potassium thiolate of 8 and the reaction
mixture was stirred for 2 h at room temperature under argon. The solvents were removed under vacuum,
and the resulting residue was purified by silica gel chromatography (dry-loading) with a 0-15% MeOH
linear gradient in CH.CI; to give the dinucleoside 10 as a white solid (0.35 g, 0.435 mmol, 61%). R¢=
0.66 (MeOH/CH,CI 15:85); *H-NMR (400 MHz, DMSO-ds) § = 8.30 (s, 1H, AzHs) ; 8.16 (s, 1H,
AiHg) ; 8.13 (s, 1H, A2H>) ; 8.06 (s, 1H, AiH2) ; 7.33 (s, 2H, AiNH2) ; 7.26 (s, 2H, A2NH>) ; 5.99 (s,
1H, AiHy’) ; 5.85(d, J = 5.7 Hz, 1H, A;Hy’) ; 5.50 (d, J = 6.0 Hz, 1H, A,OH>) ; 5.29 (d, J = 5.1 Hz, 1H,
A,OHgz) ; 5.04 (m, 1H, A:Hz) ; 5.03 (d, J = 11.7 Hz, 1H, OCH-S) ; 4.93 (d, J = 11.6 Hz, 1H, OCH,S) ;
481 (d,J=51Hz, 1H, AiH») ;4.77 (9, =5.7 Hz,J = 11.1 Hz, 1H, AoH») ; 4.14(q,J =49 Hz,J =
9.0 Hz, 1H, A2H3) ; 4.02-4.07 (m, 2H, AzHz, A1H5¥) ; 3.90-3.99 (m, 2H, AiHz, A1H5¥); 2.87 — 3.06 (m,
2H, A;Hs, AzHs) ; 0.96 — 1.03 (m, 28H, Hripps). **C-NMR (150 MHz, DMSO-dg) 8 = 156.11 & 156.09
(A1Cs &A:Ce); 152.6 & 152.5 (A1C2 & ACy) ; 149.4 (ALCs) ; 148.5 (A1Cs) ; 139.9 (A2Cs) ; 1395
(A1Cs) ; 119.3 (A1Cs) ; 119.2 (ACs) ; 87.7 & 87.5 (A1Cr& AxCyr) ; 83.5 (ACy) ; 80.7 (A1Cy) ; 77.3
(A:Cz) ; 72.72, 72,68, 72,57 (OCH.S, A2Cy, A2Cs) ; 69.7 (A1Cs) ; 60.1 (A1Cs?) ; 32.1 (ALs') ; 17.32
- 12.05 (Cripps). HRMS (ESI+): m/z calcd for CasHssN10OgSSi, [M+H]*: 805.3307, found: 805.3317.

S-(2’-O-methyladenosyl)-5’-thioadenosine 1

To a solution of 10 (0.10 g, 0.12 mmol, 1.00 eq) in anhydrous THF (6 mL) was added 1M EtsN-3HF
solution in THF (60 pL, 3.72 mmol, 3.00 eq). After stirring for 2 h at 50°C, the reaction mixture was
treated with 2 M triethylammonium acetate buffer (pH 7). The solvents were removed under vacuum
then water (10 mL) and CH,Cl, (10 mL) were added. The aqueous layer was extracted three times with
CH,CI; and once with Et,O and was evaporated under vacuum. The resulting residue was purified by
chromatography on reversed-phase silica gel column Cis (4 g, 40 um) with a 0-25% acetonitrile linear
gradient in TEAAc buffer 50 mM, pH 7. The fractions containing the pure compound were pooled,
concentrated and lyophilized to give 1 as a white powder (62 mg, 110 umol, 89%) with 99% purity
determined by HPLC analysis at 260 nm. *H-NMR (600 MHz, DMSO-ds) & = 8.35 (s, 1H, AiHs) ; 8.29
(s, 1H, AzHg) ; 8.13 & 8.14 (2s, 2H, AiH2 & AzHy) ; 7.33 (s, 2H, A2NH2) ; 7.28 (s, 2H, A:NH,) ; 6.03
(d,J=5.9Hz, 1H, AiHy’) ; 5.83 (d, J=5.9 Hz, 1H, A;Hy) ; 5.47 (d, J = 6.1 Hz, 1H, A,OH’) ; 5.45 (m,



1H, A;OHs) ; 5.28 (d, J = 5.3 Hz, 1H, A;OHz) ; 5.24 (d, J = 5.3 Hz, 1H, A;OHz) ; 4.81 (d, J = 11.7
Hz, 1H, OCH,S) ; 4.76 (t, J = 5.3 Hz, 1H, AsHz) ; 4.69 (d, J = 11.7 Hz, 1H, OCH,S) ; 4.67 (g, J = 5.8
Hz, J = 11.2 Hz, 1H, AsHz) ; 4.35 (m, 1H, AiHg) ; 4.03 (m, 1H, AHz) : 3.98 (g, J = 3.4 Hz, J = 6.9
Hz, 1H, AiHs) ; 3.94 (M, 1H, AsHs) : 3.69 & 3.56 (2m, 2H, AiHs: & AiHs+) ; 2.73 (dd, J = 1.4 Hz, J =
6.7 Hz, 2H, AsHs& AoHs). BC-NMR (150 MHz, DMSO-ds) § = 156.14 & 156.05 (A:Cs & AxCe) ;
152.7 & 152.5 (A1C2 & AsC2) ; 149.4 (A:Ca) : 148.9 (AsCu) ; 139.7 (A:Cs) : 139.6 (ACs) ; 119.3 (A:Cs)
£119.1 (AiCs) ; 87.3 (A:Cy) ; 86.3 (AiCs) ; 86.1 (AiCr) ; 83.6 (ACa?) ; 78.2 (AsCz) ; 72.7 (OCH,S) ;
72.6 (A:C2) ; 725 (ACs) ; 68.9 (AiCs) ; 61.4 (ACs) ; 32.2 (A:Cs). HRMS (ESI+): miz caled for
C>1H27N1007S [M+H]+Z 563.1785, found: 563.1786.

S-(3’,5’-(tetraisopropyldisiloxane-1,3-diyl)-2’-O-methyladenosyl)-5’-sulfoxide adenosine 11 & S-
(3’,5’-(tetraisopropyldisiloxane-1,3-diyl)-2’-O-methyladenosyl)-5’-sulfone adenosine 12

Compound 10 (0.93 mg, 1.16 mmol, 1.00 eq) was suspended in a mixture of THF (7 mL), MeOH (7
mL) and water (1.80 mL). After sonication, NaHCO;3 (0.378 g, 4.52 mmol, 3.90 eq) and oxone® (0.177
g, 1.16 mmol, 1.00 eq) were added. After 1 h stirring at room temperature under argon, an additional
equivalent of oxone® was added and the reaction mixture was stirred for an additional hour. Another
additional equivalent of oxone® was added and the reaction mixture was stirred again for an additional
hour. The solution was then quenched with saturated aqueous NaHCO3 (10 mL). The aqueous layer was
extracted with AcOEt (6 x 50 mL) and the combined organic extracts were washed with saturated
aqueous NaCl (3 x 50 mL), dried over Na,SO, and concentrated under vacuum. The residue was purified
via chromatography (dry-loading). Compound 12 was first eluted with 14% MeOH in AcOEt and
isolated as a white solid (0.20 g, 0.239 mmol, 21%). Compound 11 was isolated as a white solid (0.288
g, 0.351 mmol, 30%) after elution with 18% MeOH in AcOEt.

(11) R¢ = 0.30 (MeOH/CH,ClI 15:85). *H-NMR (600 MHz, DMSO-ds) = 8.33 ; 8.31; 8.19 ; 8.18 ;
8.14 ;8.13;8.04;8.04;7.33;7.28;5.90;5.59 ;556 ;545;5.09;5.06;490;482;479-4.73;
439-431;426-419;4.05-3.96;3.92;3.90-3.82;3.28-3.16; 1.11 - 0.80. *C-NMR (150
MHz, DMSO-ds) 6 = 156.11 ; 152.57 ; 152.46 ; 149.21 ; 149.17 ; 148.49 ; 148.47 ; 140.19 ; 139.85 ;
139.79; 119.34 ; 119.32 ; 119.28 ; 88.32 ; 88.01 ; 87.68 ; 87.45 ; 86.45 ; 85.88 ; 83.57 ; 80.35; 80.28 ;
79.18;78.97 ; 78.75; 77.33 ; 76.62 ; 73.31 ; 73.23 ; 72.77 ; 72.74 ; 69.97 ; 69.91 ; 60.11 ; 51.22 ; 49.25
; 17.29 —11.99. HRMS (ESI+): m/z calcd for CssHs3N10OSSi» : 821.32507, found: 821.32287.

(12) Rs = 0.50 (MeOH/CH,Cl 15:85). *H-NMR (600 MHz, DMSO-ds) = 8.35 (s, 1H, AHs) ; 8.18 (5,
1H, AHs) ; 8.18 (s, 1H, AH2) ; 8.03 (5, 1H, AH2) ; 7.35 (5, 2H, AsNHy) ; 7.29 (s, 2H, ANNH) ; 6.02
(s, 1H, AsHr) : 5.91 (d, J = 5.5 Hz, 1H, AsHy) ; 5.64 (d, J = 5.8 Hz, 1H, A,OH2) : 5.55 (d, J = 5.0 Hz,
1H, A,OHz) ; 5.06 (dd, J = 9.2, 4.8 Hz, 1H, AiHz) ; 4.96 (d, J = 4.8 Hz, 1H, AiHy) ; 4.90 (d, J = 12.3
Hz, 1H, OCH,S0,) ; 4.78 (q, J = 5.3 Hz, 1H, AsHy) ; 4.63 (d, J = 12.3 Hz, 1H, OCH,S0) ; 4.31 (dt, J
=0.2,3.5 Hz, 1H, AHe) ; 4.28 — 4.17 (m, 1H, AsHs) ; 4.04 — 3.91 (m, 2H, AiHs, AoHs) ; 3.82 — 3.76
(m, 1H, AsHs+) ; 3.71 (dt, = 9.1, 2.7 Hz, 1H, AsHs) ; 3.59 — 3.49 (m, 1H, AHs) ; 1.06 — 0.79 (m,
28H, Hrieps). BC-NMR (150 MHz, DMSO-ds) § = 156.15 & 156.13 (A1Cs & AsCe) ; 152.59 & 152.51
(ACo & AsCy) ; 149.20 (AsCa) ; 148.51 (AsCa) ; 139.96 & 139.94 (A;Cs & A.Cs) ; 119.33 & 119.22
(A:Cs & ACs) ; 88.08 (A:Cy) ; 87.14 (AiCr) : 83.72 (OCH,SOy) ; 83.11 (AC2) ; 80.03 (ACy) ; 78.28
(ACr) ; 73.12 (ACs) ; 72.32 (AoCz) ; 70.02 (AiCs) ; 59.74 (ACs) ; 52.76 (ACs?) ; 17.27 — 12.03
(CT|st). HRMS (ESH‘)Z m/z calcd for Cs3H53NlooloSSi2: 837.31999, found: 837.31950.

S-(2’-O-methyladenosyl)-5’-sulfoxide adenosine 2

To a solution of 11 (0.10 g, 0.12 mmol, 1.00 eq) in anhydrous THF (6 mL) was added EtsN-3HF (60
pL, 3.66 mmol, 3.00 eq). After 2 h stirring at 25°C, the reaction mixture was treated with 2 M



triethylammonium acetate buffer (pH 7). The solvents were removed under vacuum then water (10 mL)
and CH,Cl, (10 mL) were added. The aqueous layer was extracted three times with CH,Cl; and once
with Et,O and was evaporated under vacuum. The resulting residue was purified by chromatography on
a Cygreversed-phase silica gel column (4 g, 40 um) with a 0-25% acetonitrile linear gradient in 50 mM
TEAAcC buffer, pH 7. The fractions containing the pure compound were pooled, concentrated and
lyophilized to give 2 as a white powder (27 mg, 47 umol, 39%) with 98% purity determined by HPLC
analysis at 260 nm. *H-NMR (600 MHz, DMSO-ds) = 8.35 ; 8.33 ; 8.32; 8.14 ; 8.13 ; 7.34 ; 7.30 ;
6.10; 6.07 ;5.90; 559 ;5.57 ; 5.54 ; 5.47 ; 5.44 ;5.39 ; 4.85;4.82;4.72 ;468 ; 4.61;4.40; 4.36;
4.25 ;420 -4.14 ;3.99 ; 3.66 ; 3.58 - 3.50 ; 3.30 ; 3.26 — 3.21 ; 3.18 ; 3.09. *C-NMR (150 MHz,
DMSO-ds) 6 = 156.61 ; 156.56 ; 153.13 ; 153.03 ; 153.00 ; 149.77 ; 149.67 ; 149.45 ; 140.57 ; 140.35;
140.18 ; 140.13 ; 119.74 ; 119.68 ; 88.55 ; 88.32 ; 86.53 ; 86.36 ; 86.29 ; 85.45 ; 83.78 ; 83.39 ; 78.47 ;
77.92;73.61;73.45;73.24;73.01;69.53;69.42;61.73; 51.29 ; 50.44. HRMS (ESI+): m/z calcd for
Co1H27N100sS: 579.17286, found: 579.17224.

S-(2’-O-methyladenosyl)-5’-sulfone adenosine 3

To a solution of 12 (0.10 g, 0.12 mmol, 1.00 eq) in anhydrous THF (6 mL) was added EtsN-3HF (60
pL, 3.59 mmol, 3.00 eq). After 2 h stirring at 25°C, the reaction mixture was treated with 2 M
triethylammonium acetate buffer (pH 7). The solvents were removed under vacuum then water (10 mL)
and CH,Cl, (10 mL) were added. The aqueous layer was extracted three times with CH,Cl; and once
with Et,O and was evaporated under vacuum. The resulting residue was purified by chromatography on
a Cygreversed-phase silica gel column (4 g, 40 um) with a 0-25% acetonitrile linear gradient in 50 mM
TEAAcC buffer, pH 7. The fractions containing the pure compound were pooled, concentrated and
lyophilized to give 3 as a white powder (23 mg, 39 umol, 32%) with 98% purity determined by HPLC
analysis at 260 nm. *H-NMR (600 MHz, DMSO-ds) & = 8.35 (s, 1H, A;Hs) ; 8.31 (s, 1H, AiHs) ; 8.16
(s, 1H, AzHy) ; 8.14 (s, 1H, AiHy) ; 7.42 - 7.23 (m, 4H, AiNH,, A:NH>) ; 6.08 (d, J = 4.9 Hz, 1H, A:Hy")
;5.91 (d, J=5.3 Hz, 1H, A>H1) ; 5.62 (d, J = 5.8 Hz, 1H, A,OH>’) ; 5.49 (d, J = 5.2 Hz, 1H, A,OH3’) ;
5.38 (d, J=5.3 Hz, 1H, A;OHz3’) ; 5.35(dd, J = 6.5, 4.7 Hz, 1H, A:OHs') ; 4.90 — 4.83 (m, 1H, A:H>) ;
4.75(d,J=12.6 Hz, 1H, OCHS0) ; 4.71 - 4.63 (m, 2H, OCH>SO,, A2H>’) ; 4.46 —4.40 (m, 1H, A:Hz’)
;4.28 —4.23 (m, 1H, AoHy) ; 4.21 - 4.16 (m, 1H, Az2Hs') ; 3.95-3.89 (m, 1H, AiHy) ; 3.73 - 3.68 (m,
1H, AzHs') ; 3.68 — 3.65 (m, 1H, AiHs') ; 3.56 — 3.49 (m, 1H, AiHs~) ; 3.46 — 3.39 (m, 1H, A.Hs+). B*C-
NMR (150 MHz, DMSO-ds) & = 156.12 & 156.11 (A1Cs & A2Cs) ; 156.69 (A2C:) ; 152.51 (A:Cy) ;
149.23 (A2Cy) ; 148.96 (A1C4) ; 139.86 (A2Cs) ; 139.52 (A1Cs) ; 119.24 (A1Cs & AxCs) ; 88.00 (A2Cyr)
; 86.27 (A1Cyr) ; 85.51 (AiCs) ; 83.17 & 83.10 (A1C2 & OCH:S0y) ; 77.76 (ACys) ; 72.93 (ALCs) ;
72.41 (ACx) ; 68.88 (AiCs) ; 61.06 (AiCs) ; 52.47 (A:Cs). HRMS (ESI+): m/z calcd for
Co1H27N100,S : 595.1678, found: 595.1675.

3’,5’-bis-O-(tert-butyldimethylsilyl)-2’-O-(2-toluene-sulfonylethyl) adenosine 13

To a solution of 3’,5’-bis-O-(tert-butyldimethylsilyl)-2’-O-(hydroxyethyl) adenosine®! (1.23 g, 2.34
mmol, 1.00 eq) in anhydrous CH,Cl, (7 mL) was added successively 4-dimethylaminopyridine (29 mg,
0.23 mmol, 0.10 eq), EtsN (0.70 mL, 4.92 mmol, 2.10 eq) and 4-toluenesulfonyl chloride (0.893 g, 4.68
mmol, 2.00 eq). After stirring for 4 hours at 0°C under argon, the solution was diluted with CH:Cl, (30
mL) and washed with saturated aqueous NaHCO3. The aqueous layer was extracted with CH,Cl, (3 x
40 mL) and the combined organic extracts were washed with saturated agueous NaCl (60 mL), dried
over Na,SO4 and concentrated under vacuum. The residue was purified by chromatography with a linear
gradient 0-10% MeOH in CH,CI; yielding to 13 as a white solid (1.40 g, 2.02 mmol, 86%). R; 0.71
(MeOH/CH:ClI; 5:95). *H-NMR (500 MHz, CDCls) & = 8.30 (s, 1H, Hz) ; 8.15 (s, 1H, Hg) ; 7.75 (d, J =
8.3 Hz, 2H, Hortho 1) ; 7.29 (d, J = 8.0 Hz, 2H, Hpetas) ; 6.02 (d, J = 3.4 Hz, 1H, Hy') ; 5.74 (s, 2H, NHy) ;



450 (dd, J = 5.7, 4.7 Hz, 1H, Hz) ; 4.31 (dd, J = 4.7, 3.5 Hz, 1H, Hz) ; 4.20 — 4.10 (M, 1H, CH,-Or) ;
4.04 (m, 1H, He) ; 3.98 (dd, J = 11.5, 3.4 Hz, 1H, Hs or Hs») ; 3.85 - 3.81 (m, 2H, 2’0-CH,) ; 3.75 (dd,
J=11.5,2.7 Hz, 1H, Hs or Hs~) ; 2.42 (s, 3H, CH31s) ; 0.91 & 0.89 (25, 18H, Si-C(CHs)3) ; 0.09— 0.06
(4s, 12H, Si-CH3). *C-NMR (125 MHz, CDCl3) § = 155.3 (Ce) ; 152.9 (C) ; 149.5 (C4) ; 144.8 (Cg-
CHs 15) ; 139.4 (Cs) ; 132.8 (Cq — SO:C 75) ; 129.8 (Crnéta 75) ; 128.0 (Cortno 7) ; 120.1 (Cs) ; 87.0 (Cy) ;
84.6 (Cs) ; 82.6 (Cz) ; 69.8 (Cs) ; 68.7 (CH2 — Ors) ; 68.3 (2’0 — CHy) ; 61.6 (Cs) ; 26.0 & 25.7 (CH3)s
TBS) X 21.6 (CHs Ts) X 185 & 18.1 (C(CH3)3 TBS) ; -46&-49 & -54 (CHs TBS)- HRMS (ES|+)Z m/z calcd
for Cs1Hs:NsO7SSi,; [M+H]*: 694.3126, found: 694.3121.

3’,5’-bis-O-(tert-butyldimethylsilyl)-S-(2’-O-ethyladenosyl)-5’-thioadenosine 14

To a suspension of 8 (135 mg, 0.42 mmol, 1.00 eq) in MeOH (4 mL) was added a solution of KOH (47
mg, 0.83 mmol, 2.00 eq) in MeOH (2 mL). After stirring for 20 minutes at 0°C, a solution of 13 (346
mg, 0.50 mmol, 1.20 eq) in CH,ClI; (4 mL) was added and the reaction mixture was stirred for additional
2 h at room temperature. The solvents were removed under vacuum, and the resulting paste was purified
by chromatography (dry-load) with a 0-15% linear gradient MeOH in CH.CI; yielding to 14 as a white
solid (63 mg, 0.078 mmol, 19%). R 0.67 (MeOH/CH,CI, 15:85). *H-NMR (400 MHz, DMSO-ds) & =
8.31 (s, 2H, A1Hs & AzHs) ; 8.14 (s, 1H, AxHy) ; 8.13 (s, 1H, AxHy) ; 7.30 (s, 2H, AxNH>) ; 7.26 (s, 2H,
ANH,) ; 6.01 (d, J = 4.4 Hz, 1H, A:Hy) ; 5.86 (d, J = 5.7 Hz, 1H, A;Hy’) ; 5.48 (d, J = 6.0 Hz, 1H,
A20OH2) ; 5.27 (d, J =5.1 Hz, 1H, A,OHz") ; 4.70 (9, J = 5.7 Hz, 1H, A2H>) ; 4.60 (m, 1H, A:H>") ; 4.56
(m, 1H, AiHz) ; 4.11 - 4.07 (m, 1H, A;Hz) ; 3.97 — 3.86 (m, 3H, A1H4, A2H4, 2°’0OCH) ; 3.70-3.61 (m,
3H, 2’0OCH, AiHsHs) ; 2.91 - 2.77 (m, 2H, AzHs'Hs) ; 2.63 (m, 2H, CH.S) ; 0.87 (s, 9H, SiC(CHs)3)
; 0.83 (s, 9H, SiC(CHa)s3) ; 0.09 (s, 3H, SiCHa) ; 0.07 (s, 3H, SiCHs3) ; 0.02 (s, 3H, SiCHs) ; -0.00 (s, 3H,
SiCH3). *C-NMR (100 MHz, DMSO-dg) & = 156.0 (AxCs) ; 152.6 (A<C>) ; 149.4 & 149.1 (A«Ca) ; 139.7
& 139.3 (AxCs) ; 119.1 (AxCs) ; 87.4 (A2Cy’) ; 85.7 (A1Cr’) ; 84.3 (A1Cx) ; 83.8 (ALCx) ; 80.3 (AC) ;
72.6 (A2C2) ; 72.5 (A2Cs) ; 69.9 (A1Cz) ; 69.7 (A1Cs’) ; 61.8 (2’OCHy) ; 34.3 (A2Cs’) ; 31.3 (CH.S) ; -
25.7& 25.6 (C(CHa)3 T8s) ; 17.9 & 17.76 (C(CHa)3 T8s) ; -4.8 & -5.1 & -5.6 (CHs 18s). HRMS (ESI+):
m/z calcd for Cs4Hs7N10O7SSi, [M+H]*: 805.3671, found: 805.36609.

S-(2’-O-ethyladenosyl)-5’-thioadenosine 4

To asolution of 14 (63 mg, 0.078 mmol, 1.00 eq) in anhydrous THF (3.7 mL) was added 1M EtsN-3HF
solution in THF (50 uL, 0.31 mmol, 4.00 eq). After stirring for 3 h at 50°C, the reaction mixture was
treated with 2M triethylammonium acetate buffer (pH 7). The solvents were removed under vacuum
before water (10 mL) and CH,ClI, (10 mL) were added. The aqueous layer was extracted three times with
CH.CI; and once with Et,O. The solvent was removed under vacuum and the resulting paste was purified
by chromatography on a reversed-phase Cisgsilica gel column (4 g, 40 um) with a 0-25% linear gradient
of acetonitrile in 50 mM TEAAc buffer, pH 7 followed by concentration and lyophilization of pure
fractions to give 4 as a white powder (20 mg, 0.035 mmol, 44%) with 99% purity determined by HPLC
analysis at 260 nm. *H-NMR (600 MHz, DMSO-ds) & = 8.37 (s, 1H, AiHs) ; 8.33 (s, 1H, AzHs) ; 8.14
(2s, 2H, AiH2 & AxH2) ; 7.34 & 7.28 (2 br s, 4H, Ai1NH2 & A2NH?>); 6.00 (d, J = 5.9 Hz, 1H, AiHy) ;
5.87 (d, J = 5.7 Hz, 1H, AsHy) ; 5.49 (d, J = 6.1 Hz, 1H, A.OH>) ; 5.38 (dd, J = 6.9, 4.8 Hz, 1H,
A:0OHs) ; 5.29 (d, J = 5.1 Hz, 1H, A,OH3’) ; 5.17 (d, J =5.2 Hz, 1H, A;OHz) ; 4.71 (g, J = 5.6 Hz, 1H,
A:H2) ; 450 (m, 1H, AiH>) ; 4.32 (m, 1H, AiHz) ; 4.10 (m, 1H, AzHz) ; 3.98 (M, 2H, AiHs & AsHs) ;
3.72 - 3.65, 3.55 - 3.52 (m, 4H, A:Hs, AiHs+, 2°0OCHy) ; 2.90 — 2.79 (m, 2H, A:Hs, AoHs) ; 2.65 (m,
2H, CH,S). °C-NMR (150 MHz, DMSO-ds) & = 156.14 &156.05 (A:Cs & A2Ce) ; 152.65 & 152.52
(A1C2 & AxCy) ; 149.5 (ACs) ; 149.0 (A1Cy) ; 139.74 (A2Cs) ; 139.66 (AiCs) ; 119.3 (AiCs) ; 119.1
(A2Cs) ; 87.2 (ACyr) ; 86.1 (A1Cys) ; 86.0 (AiCr') ; 83.8 (ACy) ; 81.0 (A1C2) ; 72.6 (AC2) ; 725



(A2Cs) ; 69.5 (A1Cs or 2’0OCHy) ; 68.9 (A1Cs') ; 61.3 (A1Cs or 2’0OCHy) ; 34.2 (A:Cs) ; 31.2 (CH>S).
HRMS (ESI+): m/z calcd for Ca2H2oN1007S [M+H]*: 577.1933, found: 577.1933.

S-(5’-0-(4,4’-dimethoxytrityl-2’-O-methylthioadenosyl)-5’-thioadenosine 19

To asolution of 171211 (202 mg, 0.26 mmol, 1.00 eq) in MeOH (3.5 mL) was added 18[2%3 (200 mg, 0.46
mmol, 1.80 eq) and an ammonia solution (7 M in MeOH) (7.5 mL). After stirring for 20 min at -10°C
under argon, the solvents were removed and the resulting residue was purified by chromatography (dry-
load) on reversed-phase silica gel column Cig with a 20-70% linear gradient of acetonitrile in 50 mM
TEAAc buffer, pH 7. The fractions containing 19 with more than 75% purity were pooled and
concentrated to dryness. Traces of TEAAc salts were removed by several coevaporations with water
and acetonitrile to give compound 19 (92 mg, 0.102 mmol, 40% corrected yield) with 75% purity
determined by HPLC analysis at 260 nm. The main contaminant was the 5’-O-DMTr adenosine. Full
characterization of 19 was performed with a 99% pure fraction isolated after purification. *H-NMR
(400 MHz, 1,4-Dioxane-dg) 6 = 8.16 (s, 1H, Hz or Hg) ; 8.14 (s, 1H, H, or Hs) ; 8.01 (s, 1H, Hz or Hs) ;
7.95 (s, 1H, Ha or Hg) ; 7.43 = 7.13 (m, 9H, Howmtr) ; 6.78 (M, 4H, Homtr) ; 6.47 (br s, 4H, NH,) ; 6.15
(d, 3 = 3.7 Hz, 1H, AiHv) ; 5.84 (d, J = 4.4 Hz, 1H, A2Hy) ; 5.05 (m,, 2H, O-CH>-S) ; 4.93 (m, 1H,
AiH>) ; 4.82 — 4.66 (m, 2H, A2OHz, A;H>) ; 4.49 (d, 1H, AiH3) ; 4.42 — 4.34 (m, 1H, A2OHy) ; 4.29
(m, 1H, A2Hz) ; 4.23 — 4.16 (m, 1H, AoHs) ; 4.16 — 4.11 (m, 1H, A:Hs) ; 4.03 (d, J = 7.2 Hz, 1H,
A10H3') X 3.73 (S, 6H, OCHsDMTR) ; 3.42 -3.37 (m, 2H, A1H5'H5") ; 3.08 (d, J=6.3 HZ, 2H, Asz'Hs").
BC-NMR (150 MHz, 1,4-Dioxane-ds) § = 159.5 (Cq-OCHspmtr) ; 157.0 et 157.1 (A:Cs et A,Cs) ; 153.7
et 153.9 (A1C5 et AzCe) :150.3 (A1C4 et A2C4) 1 146.1 (Cq DMTR) :140.2 et 140.6 (A1C3 et Ang) :136.8
(Cqomr) ; 127.5,128.5, 129.0, 130.9 (CH pwmtr) ; 120.8 et 120.9 (A1C2 et A2C2) ; 113.9 (CHpwmtr) ; 90.3
(ACyr) ; 87.7 (ACr) ; 87.1 (O-Cqomtr) ; 84.4 (A1Cs) ; 83.6 (ACs) ; 81.2 (O-CH2-S) ; 80.5 (A:C2) ;
74.5 (A2C2) ; 73.8 (A2Cs') ; 70.7 (A1Cs') ; 64.2 (A1Cs) ; 55.3 (O-CHs) ; 42.8 (A2Cs). HRMS (ESIY): m/z
calcd for C42Ha3N100eS, [M-H]: 895.2661, found: 895.2679.

S-(2’-O-methylthioadenosyl)-5’-thioadenosine 5

The mixture of 19 and the by-product 5’-O-DMTr adenosine was treated with a solution of 80% acetic
acid in water (8.76 mL) and stirred for 15 min at room temperature. The mixture solution was washed
with CHCI3; (10 x 5 mL) then Et,O (1 x 10 mL). The solvent was removed under vacuum and the
resulting residue was purified by chromatography on a reversed-phase silica gel column Cys (4 g, 40
um) with a 0-25% linear gradient of acetonitrile in TEAAc buffer 50 mM, pH 7. The fractions containing
the pure compound was pooled, concentrated and lyophilized to give 5 as a white powder (23 mg, 38.6
umol, 15% over two steps) with 99% purity determined by HPLC analysis at 260 nm. *H-NMR (400
MHz, 1,4-Dioxane-ds) 6 = 8.19 (s, 1H, AiHy) ; 8.18 (s, 1H, AzH>) ; 7.98 (s, 1H, A:Hs) ; 7.97 (s, 1H,
AzHg) ; 6.62 (br s, 2H, NH2) ; 6.50 (br s, 2H, NHz) ; 6.00-5.95 (m, 2H, A:H1:, A1OHs") ; 5.86 (d, J = 4.3
Hz, A;Hyr) ; 4.99 (m, 1H, AiHy) ; 4.82 (s, 2H, OCHS,S) ; 4.80 (m, 2H, A2Hz, A.OHy) ; 4.44 (m, 2H,
A20Hz, AzHs') ; 4.30 (m, 1H, A2H3') ; 4.12 (m, 2H, AiHs, A2Hs) ; 3.99 (d, J = 4.2 Hz, A1OH3') ; 3.84-
3.59 (m, 2H, AiHs, A1Hs) ; 3.00 (dd, J = 1.7 Hz, J = 5.9 Hz, 2H, AzHs', A;Hs). ®*C-NMR (125 MHz,
1,4-Dioxane-dg) 6 = 157.5 (A1Cs); 157.2 (A2Cs) ; 153.7 (A:1Cy) ; 153.7 (A:1C») ; 153.4 (A2Cy) ; 150.3
(A1C4) ; 149.6 (A2Cy) ; 141.4 (A1Cs) ; 140.7 (A2Cs) ; 121.7 (A1Cs) ; 121.1 (A2Cs) ; 90.4 (ACy) ; 89.2
(A1Cr) ; 88.6 (A1Cs) ; 83.5 (A2Cys) ; 81.2 (A1C2) ; 81.1 (OCH:S) ; 74.5 (AC2) ; 73.9 (ACz) ; 71.2
(A1C3') 1 63.3 (A1C5’) 1 42.8 (A2C5’). HRMS (ESH‘)Z m/z calcd for Co1H27N100O7S, [M+H]+Z 595.1506,
found: 595.1505.
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FULL PAPER

A nucleosidic bisubstrate approach
is developed to target 2'-O-RNA
methyltransferases that catalyse
the methylation of the 2’-OH of the
cap nucleoside N1 or internal
adenosines of RNA substrate using
S-adenosyl methionine as the
methyl donor. Bisubstrate
analogues have been designed as
a mimic of the transition state of the
2’-O-methylation on RNA with two
adenosines connected by various
sulphur atom-containing linkers.
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