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ABSTRACT

The COVID-19 pandemic reveals the urgent need to develop new therapeutics targeting the
SARS-CoV-2 replication machinery. The first antiviral drugs were nucleoside analogues
targeting RdRp and protease inhibitors active on nsp5 Mpro. In addition to these common
antiviral targets, SARS-CoV-2 codes for the highly conserved protein nsp14 harbouring N7-
methyltransferase (MTase) activity. Nsp14 is involved in cap N7-methylation of viral RNA and
its inhibition impairs viral RNA translation and immune evasion, making it an attractive new
antiviral target. In this work, we followed a structure-guided drug design approach to design
bisubstrates mimicking the S-adenosylmethionine methyl donor and RNA cap. We developed

adenosine mimetics with an N-arylsulfonamide moiety in the 5’-position, recently described as
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a guanine mimicking the cap structure in a potent adenosine-derived nsp14 inhibitor. Here, the
adenine moiety was replaced by hypoxanthine, N°-methyladenine, or C7-substituted 7-deaza-
adenine. 26 novel adenosine mimetics were synthesized, one of which selectively inhibits nsp14
N7-MTase activity with a subnanomolar ICso (and seven with a single-digit nanomolar 1Cso).
In the most potent inhibitors, adenine was replaced by two different 7-deaza-adenines bearing
either a phenyl or a 3-quinoline group at the C7-position via an ethynyl linker. These more
complex compounds are barely active on the cognate human N7-MTase and docking
experiments reveal that their selectivity of inhibition might result from the positioning of their
(7 substitution in a SAM entry tunnel present in the nsp14 structure and absent in the hN7-
MTase. These compounds show moderate antiviral activity against SARS-CoV-2 replication in

cell culture, suggesting delivery or stability issue.

Keywords: 7-deaza-adenine; arylsulfonamide; bisubstrate; SARS-CoV-2; RNA cap

methyltransferase; structure-guided design

Abbreviations: SARS, severe acute respiratory syndrome; MERS, Middle East respiratory
syndrome; CoV, coronavirus; COVIDI19, coronavirus disease 2019; DV3, dengue virus
serotype 3; MTase, methyltransferase; nsp14, non-structural protein 14; RdRp, RNA dependent
RNA polymerase; 3CLpro, 3-chymotrypsin like protease; Mpro, main protease; PLpro, papain-
like protease; SAM, S-adenosylmethionine; SAH, S-adenosylhomocysteine; hRNMT, human
RNA methyltransferase; FBA, filter binding assay; SAR, structure-activity relationships.

1. Introduction

The emergence of new viruses poses a global threat to human health. The COVID-19
pandemic caused by the SARS-CoV-2 illustrates what the world faces with emerging viruses
in the absence of appropriate treatments or prophylactic vaccines. After three years of
pandemic, approved antiviral treatments for CoV-diseases are still limited to molecules
targeting the RNA dependent RNA polymerase (RdRp) activity or the main protease (Mpro)
activity [1-4]. The discovery of potent and selective antiviral inhibitors to fight SARS-CoV-2
infection and likely future CoV outbreaks is an urgent research priority. To this end, significant

activity has been observed in drug repurposing [5] and many approved drugs have been reported



to block viral replication. Among them, the most promising nucleoside analogues, remdesivir
and molnupiravir targeting viral RdRp, and nirmatrelvir inhibiting viral Mpro have shown
relative efficacy in clinical trials depending on the stage of infection [6]. Over the past two
years, great efforts have been made in structure-based drug design, an effective alternative for
developing new antiviral agents targeting viral enzymes [7]. Among the four structural and 16
non-structural proteins encoded by CoVs [8], the papain-like protease (PLpro) and Mpro that
are essential for CoV replication have been extensively targeted with peptidomimetics and
small molecule inhibitors [9]. Two methyltransferases (MTases), which are engaged in the
capping pathway of viral mRNA, are also essential for viral replication, as reverse genetic
studies demonstrated that these enzymes play a key role in mRNA translation and prevent viral
restriction mediated by host innate immune system [10-12]. These MTases are responsible for
the enzymatic cascade of viral RNA cap methylations: first the N7-methylation of the guanosine
by guanine N7-MTase nsp14 and subsequently the 2’-OH methylation of the ribose of the first
RNA adenosine by the 2’-O-MTase complex nspl0/nspl6 [8, 13]. N7-MTase nspl4 was
identified as a critical enzyme for the replication of SARS-CoV, as two mutations in the N7-
MTase catalytic pocket abrogate virus viability [11]. Prior to the emergence of SARS-CoV-2,
besides the unselective MTase inhibitors sinefungin and S-adenosyl homocysteine (SAH), few
inhibitors of SARS-CoV nspl4 had been described, most of them discovered by high-
throughput screening [14]. In this context, our group had developed a rational drug design
approach to synthesize competitive bisubstrate inhibitors that occupy both the S-
adenosylmethionine (SAM) methyl donor binding pocket and the cap-binding pocket of SARS-
CoV nspl4 [15]. In this series of adenine dinucleoside SAM analogues, the best inhibitor
displayed submicromolar activity, with a selective inhibition of N7-MTase nsp14 over the
human N7-MTase. Then, with the emergence of Covid-19, many libraries were screened on
SARS-CoV-2 nspl4 but the inhibition results were rather poor [16-20]. In contrast, rational
drug design approaches lead to the identification of much more potent inhibitors active at
nanomolar [21-25] or subnanomolar concentration [25]. All these new inhibitors are mimics of
SAM/SAH and most of them have been modeled in the crystal structure of SARS-CoV nsp14,
solved in the presence of SAM (PDB 5CS8T) [26]. Very recently, several crystal structures of
full-length nsp14 from SARS-CoV-2 were solved, bound to SAH (PDB 7R2V, 7QGI) or to a
cap-analogue (PDB 7QIF) [27, 28]. A high-resolution crystal structure of the SARS-CoV-2 N7-
MTase domain - expressed in fusion with the TELSAM epitope - was also reported [29]. These

new structures provide crucial information for understanding the dynamics of nspl4



methyltransferase activity and pave the way for the structure-based development of new

antivirals against CoVs.

Our previous work identified potent bisubstrate inhibitors bearing N-ethyl arylsulfonamide
moieties linked to the 5’-position of an adenosine mimicking that of SAM as a key component
occupying the cap RNA substrate binding site. Indeed, this N-ethyl arylsulfonamide motif likely
accounts for the compounds’high affinity for SARS-CoV-2 nsp14, which results in a double-
digit nanomolar inhibition [23]. When the sulfonamide linker was replaced by an amide or an
N-acylsulfonamide linker, we showed that the inhibitory activity of the nucleoside analogues
was lost [15, 30]. In addition, a recent report confirmed the importance of the sulfonamide
linker between the adenosine and the aromatic moiety, a 2-naphtalene in this case, to reach

nanomolar inhibition of nsp14 [24].

In the present work, we developed a structure-guided drug design approach to design a new
series of inhibitors targeting nsp14 N7-MTase activity. We used the N-arylsulfonamide moiety
as a guanine mimic of the cap structure and modified the adenine moiety in order to increase
the interaction with the SAM binding pocket. We replaced adenine with its analogue,
hypoxanthine (HXN), or a C7-substituted-7-deaza-adenine, or we added a methyl group at the
N® position of adenine (N°™A) (Fig. 1). Thus, we synthesized 26 final compounds 1-26 that
were tested for N7-MTase inhibitory activity in vitro. In the most potent compounds, the
adenine is replaced with 7-deaza-adenine bearing either a phenyl (C’™) or a 3-quinoline group
(C7Q) attached to the C7-position of the nucleobase via an ethynyl linker. One of these
compounds displays subnanomolar ICso against the N7-MTase activity of SARS-CoVs nspl14
and is barely active on hN7-MTase (hRNMT). Docking predictions support the selective
inhibition of the viral nspl4 MTase, as the phenyl or 3-quinoline group on the nucleobase
occupies a SAM entry tunnel controlled by a mobile loop forming the substrate entry gate,
which is absent in the RNMT human ortholog. Finally, the inhibition of the viral replication for
the best nsp14 inhibitors was tested in infected cell cultures, where some of the compounds

show inhibitory effect at the micromolar range.
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Fig. 1. Design of novel bisubstrate adenosine mimetics 1-26 as potential inhibitors of SARS-CoV-2 nsp14 N7-
MTase derived from a previous series of N-arylsulfonamide adenosine analogues with MH44 as the best inhibitor
(ICs0 =19 nM) [23].

2. Results and discussion
2.1. Rational design of compounds

We based the design of our new inhibitors on the molecular structure of the previous series of
bisubstrate inhibitors containing N-ethyl arylsulfonamide moieties, which were shown to be
crucial for the affinity and inhibition of the SARS-CoV-2 nsp14 N7-MTase (Fig. 1). Molecular
docking studies supported that the arylsulfonamide moiety occupies the cap-guanosine binding
pocket of SARS-CoV nspl14 (PDB ID: 5C8T) [23]. The impact of the nature and position of the
substituents on the aryl moiety was thus demonstrated, as a meta electron-withdrawing
substituent (NO2, CN, or Cl) and a para electron-donating substituent (Me or OMe) were found

to be the best combination to yield nsp14 inhibitors with double-digit nanomolar ICso.

Therefore, in the present work, the 26 synthesized compounds were designed with a
phenylsulfonyl moiety bearing one substituent in meta (NO2, CN, or Cl) and one substituent in
para (Me, OMe or Br) positions following the same rationale. Moreover, as functionalization
of the nitrogen atom of the sulfonamide link with an alkyl group was shown to improve
inhibition, an ethyl group was used in compounds 4-6, 12-16 and a methyl group in nucleoside
analogues 17-26. Here, we focused on improving the interactions between the nucleobase

moiety and N7-MTase nspl4, according to docking performed in nspl4 structure. By
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mimicking adenine, hypoxanthine with O6 instead of NH» at C6 position in the purine ring was
chosen to design compounds 1-6. Furthermore, the addition of a methyl group on the exocyclic
NH> of adenine in nucleosides 7-16 was intended to increase the lipophilic properties of the

inhibitors to favor cellular uptake.

In compounds 17-26, adenine was replaced by two different 7-deaza-adenines bearing a
phenyl or a 3-quinoline group attached to the C7-position of the nucleobase through an ethynyl
linker. This modified adenine design was inspired by the work of Nencka et al. where
replacement of adenine with various 7-substituted-7-deaza-adenines in SAH nucleoside
analogues resulted in nanomolar inhibitors of SARS-CoV-2 nspl4 [22]. These modified
nucleobases have been shown to effectively target a side cavity of SARS-CoV nspl14 (PDB
5C8T), which is a substrate entry gate communicating with the SAM binding site [28].
Combined with the N-methyl arylsulfonamide scaffold at the 5’ position of the adenosine
analogue, we anticipated that C7-aryl-substituted 7-deaza-adenine would yield much more
potent and selective inhibitors of the SARS-CoV-2 nspl14 N7-MTase (PDB 7R2V). Because of
the high similarity between SARS-CoV and SARS-CoV-2 structures (> 95% sequence identity,
structural root-mean-square deviation (RMSD) 0.49 A over 585 backbone atoms) our

compounds were tested against both CoVs nsp14 enzymes.

2.2. Chemical synthesis

The synthesis of inosine analogues 1-6 began with the preparation of the previously described
5’-N-arylsulfonamide adenosines 27-32 [23] (Scheme 1). Treatment of 27-32 with NaNO»
under acidic conditions with a mixture of acetic acid and water (85:15) during 72 h afforded
the inosine derivatives 33-38 in satisfactory yields (59-80%) [31]. The addition of a second
portion of sodium nitrite after 48 h of reaction is crucial to complete the conversion of adenosine
to inosine. Interestingly, no cleavage of the isopropylidene protection was observed, nor was
any depurination. The 2°, 3’-hydroxyls of intermediates 33—-38 were deprotected with a mixture
of formic acid and water (1:1) during 24—48 h to obtain the final compounds 1-6 in good yields
(63-72%).
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Scheme 1. Synthesis of 5’-N-arylsulfonamide inosine derivatives 1-6. (a) NaNO,, AcOH/H,O 85:15 v/v, 25 °C,
72 h, 59 — 80%; (b) HCO,H / H,0 1:1 v/v, 25 °C, 24-48 h, 63-72%.

To prepare N®-methyladenosine compounds 7-16, we first synthesized 5’-amino-2’,3’-O-
isopropylidene-N®-methyladenosine 39 following known procedures [32, 33] (Scheme
2). Coupling of 39 with the corresponding commercially available benzenesulfonyl chloride
reagents afforded the intermediates 40—44 in 62-91% yields [23]. To obtain compounds 45 and
46 with a p-OMe group, aromatic nucleophilic substitution was performed on 43 with a p-Cl
atom and on 44 with a p-F atom using sodium methoxide in methanol at 50 °C. The amino
function of compounds 4042, 45, 46 was derivatized with an ethyl group using ethyl p-
toluenesulfonate, potassium carbonate and potassium iodide to obtain the N-ethyl sulfonamide
derivatives 47-51 in yields ranging from 48 to 90%. It is noteworthy that a catalytic amount of
potassium iodide is required to form ethyl iodide, which is sufficiently reactive to be substituted
by the deprotonated sulfonamide while the tosylate reagent is not. In addition, ethyl iodide was
used in stoichiometric default to avoid the formation of by-products due to the possible reaction
with at least the N®-amino group. Finally, the isopropylidene groups were removed from 40—42
and 45-51 by treatment with a TFA/water mixture for 30 min to give the desired compounds

7-16.
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Scheme 2. Synthesis of 5°-N-arylsulfonamide N°-methyladenosine compounds 7-16. (a) appropriate substituted
benzenesulfonyl chloride, EtsN, DMF, -10 °C, 1.5-3 h, 62-91%; (b) MeONa 0.5 M/MeOH, 50 °C, 2448 h, 68—
96%; (c) EtOTs, KI, K,CO3, DMF, 50 °C, 18 h, 48-90%; (d) TFA/H,0 8:2 v/v, 25 °C, 30 min, 29-95%.

The 7-ethynylaryl-7-deaza-adenine nucleosides 17-26 were synthesized from the readily
accessible 7-deaza-7-iodo-2’,3’-O-isopropylideneadenosine 52 [34-36] (Scheme 3).
Sonogashira cross-coupling reaction of 52 [22, 37] with commercially available
phenylacetylene or prepared 3-ethynylquinoline [38, 39] led to the formation of 7-
ethynylphenyl-7-deaza-adenosine 53 and  7-ethynylquinoline-7-deaza-adenosine 54,
respectively, both in high yields (85-95%). The 5’-aminomethyl derivatives 55 and 56 were
obtained by reaction of 53 and 54 with mesyl chloride in dichloromethane and then with
methylamine. The amino functions of 55 and 56 were functionalized with different
benzenesulfonyl chlorides to give 57—66. From 61 and 66 bearing a fluorine atom in the para-
position of the phenyl ring, an aromatic nucleophilic substitution with sodium methoxide
afforded 67 and 68 with a p-OMe group, respectively. Intermediate compounds 57-60, 62— 65,
67—68 were deprotected in a TFA/H2O mixture to obtain the final 7-ethynylaryl-7-deaza-

adenine nucleosides 17-26.
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Scheme 3. (a) appropriate substituted alkyne reagents, Et;N, Cul, Pd(PPhs)4, THF, 60 °C, 2 h, 85-95%; (b) (i)
MsCl, EtsN, CHxCly, -10 °C, 30 min, 80-87%, (ii)) MeNH, 2M/THF, 50 °C, 72 h, 31-55%; (c) appropriate
substituted benzenesulfonyl chloride reagents, EtsN, DMF, -10 °C, 1.5-3 h, 57-95%; (d) MeONa 0.5 M/MeOH,
50 °C, 24-48 h, 73-83%; (e) TFA/H,0 8:2 v/v, 25 °C, 30 min, 16-66%.

2.3. RNA Methyltransferase Activity Assays

Compounds 1-26 were tested for their ability to inhibit the SARS-CoV and SARS-CoV-2 N7-
MTases which are involved in viral RNA cap structure methylation. We also assessed the
selectivity of the synthesized compounds, by determining the inhibition of the cognate human
N7-MTase (hRNMT) and of the Dengue virus MTase (NS5). Briefly, the different purified
MTases were incubated together with compounds 1-26 at 5 uM and the transfer of [*H]-
radiolabeled methyl on synthetic capped RNA (GpppACs4) was determined by filter binding
assay (FBA) [40].

MH44 from our previous series of nsp14 inhibitors is used here as a control (Fig. 1) [23]. The
replacement of the exocyclic NHa (N°) with an oxygen atom in inosine is detrimental for the
inhibitory activity of the compounds 1-6 at 5 uM against CoV N7-MTase nsp14 (Table 1). The
addition of a methyl group to the exocyclic NHz (N°) of adenine in 7-11 impairs the inhibition
of both CoV MTase activity which is less impacted for compounds 12-16 bearing an ethyl on

the sulfonamide bond. The two C7-substituted-7-deaza-adenine nucleoside series bearing either
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a phenyl (17-21) or a 3-quinoline group (22-26) exhibit potent inhibitory effect at 5 uM on
SARS-CoV and SARS-CoV-2 N7-MTases. In addition, the five series of compounds barely
inhibit the dengue virus NS5-MTase or human N7-MTase that methylates the mRNA cap

structure, suggesting selectivity toward both SARS-CoV N7-MTases.

Table 1

Screening for inhibitory activity of compounds 1-26 at 5 M on various viral and cellular N7-MTases

Compounds

Percentage of MTase activity at 5 uM (%)“

e,
H OH
N | B* | Ri | R | Rs SAIii'la"V %25-82 2\5153 hRNMT
nspl4

MH44| A | OMe| CN | Bt | 42%22 | 0.1+04 iy 695+ 164
1 Me | Cl 718+48 | 87.6+33 ni ni
2 | HXN |OMe |NO,| H | 91.7+48 | 93.6+7.9 ni ni
3 OMe | CN 98.4+50 | 86.0=0.2 ni ni
4 Me | CI 91.0+8.6 | 75.5+4.5 ni ni
5 | HXN |OMe |NO; | Et | 698487 | 564+3.9 | 86.4=16.9 ni
6 OMe | CN 481448 | 30716 | 89.8+59 | 88.9+159
7 Br | NO, 540+73 | 338420 | 781+44 | 57.0£98
8 Me | NO, 664+69 | 38.7+3.6| 766+9.5 | 664+113
9 | NA | Me | C1 | H | 535+33 |454:28 ni 92.0+17.7
10 OMe | NO, 419426 | 31.5+14 ni ni
1 OMe | CN 451407 | 254+2.6 ni .
12 Br | NO, 205406 | 15218 | 98.0+23 ni
13 Me | NO, 201£17 | 10907 | 97.1+5.1 ni
14 | N"A | Me | € | Bt | 109+18 | 8302 ni 78.0+ 1.6
15 OMe | NO, 164+0.1 | 103+03 | 90.0+28 | 73.3+5.1
16 OMe | CN 4302 | 42+02 | 802+70 | 559427
17 Br | NO, 33410 | 5011 | 969=15 | 959+03
18 Me | NO, 10204 | 10409 | 93357 ni
19 | C™A | Me | CI |Me| 24+03 | 7.0+46 | 948+3.4 ni
20 OMe | NO, 05£03 | 0.0£02 | 91.6=32 ni
21 OMe | CN 10£1.0 | 24+03 ni ni
2 Br | NO, 55409 | 54+1.1 ni 523203
2 | A | Mo | Now M| 19202 | 42202 | 960+ 11 | 867257
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24 Me | Cl 1.5+0.1 32+03 | 97.7+£2.8 | 90.7+24.0
25 OMe | NO; 0.8+04 0.0+0.3 n.i 499+ 18.4
26 OMe | CN 1.4+0.1 0.0+0.3 n.i 53.0£9.6

“Values are the mean of three independent experiments. The MTase activity was measured using a filter binding
assay. Assays were carried out in reaction mixture [40 mM Tris-HCI (pH 8.0), 1 mM DTT, 1 mM MgCl,, 2 uM
SAM and 0.1 uM *H-SAM] in the presence of 0.7 uM GpppAC; synthetic RNA and incubated at 30 °C. SARS-
CoV nspl4 (10 nM), SARS-CoV-2 nspl4 N7-MTase (10 nM), Dengue virus NS5-N7 & 2°O-MTase (0.5 uM),
human RNA N7-MTase (hRNMT) (50 nM). The concentration of MTases is adjusted in each assay in order to get
similar enzymatic activity in the FBA during the linear phase of the enzymatic reaction. Compounds were
previously dissolved in 50% DMSO. “MH44 was the best inhibitor of SARS-CoV-2 N7-MTase in our previous
work [23]. n.i: no inhibition detected at 5 uM. B*: nucleobase with A = adenine; HXN = hypoxanthine; N*"A =
N°-methyladenine; C’"™"A = C7-phenylethynyl 7-deaza-adenine; C’?A = C7-quinolinethynyl 7-deaza-adenine.

2.4. Dose-response Testing and Docking of Compounds 6-26 against SARS-CoV-2 nspl4

To further decipher the antiviral activity of our compounds, we determined the ICso values of
the best inosine-derived inhibitor 6, N°>-methyl adenosine derivatives 7-16 and 7-deaza-adenine
nucleosides 17-26, on SARS-CoV-2 N7-MTase (Table 2). In parallel, we performed docking
experiments against the structure of SARS-CoV-2 nspl4, solved in presence of SAH (PDB
7R2V) using Autodock Vina [41] and compared the calculated AG values with the ICso values
determined by FBA upon dose response titration (Table 2).

Briefly, SARS-CoV-2 nsp14 was pre-incubated with increasing concentrations of inhibitors
and the MTase activity was measured by FBA. After normalization, the ICso values were
deduced by Hill slope (Y= 100/[1 + ((X/IC50)"Hillslope)]) curve-fitting. Interestingly, the C7-
substituted-7-deaza-adenine nucleosides 17-26 exhibited a potent inhibitory effect with ICso
values in the subnanomolar or nanomolar range. In average, the series of compounds with the
3-quinoline substitution (22-26) showed slightly more potent inhibition than the phenyl-
substituted compounds 17-21 and the best compound 26 displays an ICso value of 0.72 nM. The
AG obtained from the docking on SARS-CoV-2 N7-MTase also suggests that the presence of
a 3-quinoline (22-26, average score of -11.4 kcal/mol) is slightly more beneficial than a phenyl
(17-21, average score -10.4 kcal/mol). Regarding the substitution on the N-alkyl
arylsulfonamide moiety, the effect on the ICso values is the same for these two series (3-CN, 4-
OMe > 3-NO3, 4-OMe > 3-NO», 4-Me > 3-NO», 4-Br > 3-Cl, 4-Me) and is in agreement with
our previous results [23]. Furthermore, if we compare the inhibitory activity of 21 and 26 to
that of MH44, which all harbor the same N-arylsulfonamide moiety (with 3-CN, 4-OMe as
phenyl substituents), we notice that replacing adenine with C7-phenyl or C7-quinoline 7-deaza-

adenine significantly increases nspl4 inhibition (16-fold for 21 and 26-fold for 26). On the
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other hand, the replacement of adenine by hypoxanthine in 6 and the methyl on the exocyclic
NH: (N°) of adenine in 7-16 result in a lower inhibitory effect on the nspl4 N7-MTase, as
evidenced by their overall higher ICso values in the micromolar or submicromolar range. These
compounds also show higher AG values in the docking experiments, as expected (average score

of -9.1 kcal/mol).

Table 2
Comparison of AG values calculated by Autodock Vina with the ICso values of 21 most active compounds on
SARS-CoV-2 N7-MTase activity.

SARS-CoV-2nspl4 SARS-CoV-2nspl4

Compounds Docking AG* N7-MTase ICso
(kcal/mol) (nM)
Sinefungin -7.9 360°¢

MH44¢ -8.7 19+2
6 -8.3 4000 + 2800
7 9.4 3408 + 1837
8 -9.0 2850 + 1467
9 -9.8 2180+ 120
10 -9.0 573 £122
11 -9.6 468 + 150
12 9.1 383 £56
13 -8.7 187 +£ 46
14 9.1 130+ 89
15 -8.3 274 £ 165
16 -8.9 62+2
17 -10.2 17.3+0.6
18 -10.9 9.5+0.6
19 -10.5 25.6+10
20 -10.1 2.8+1.2
21 -10.1 1.2+0.25
22 -12.0 35+1.8
23 -10.9 2.1+1.3
24 -11.1 2.07+0.5
25 -11.3 1.3+1
26 -11.5 0.72+0.4

“The docking was performed on the SARS-CoV-2 nspl4 (PDB 7R2V). The AG value corresponds to the best
pose showing a good fitting between the SAH and the nucleobase of the compounds. ?Concentration inhibiting
MTase activity by 50%; mean value from three independent experiments. “value from the literature [14]. The
MTase activity for ICso determinations was measured using a filter binding assay. ‘M H44 was the best inhibitor
of SARS-CoV-2 N7-MTase in our previous work [23].

We next determined the selectivity of the best inhibitors of each series on SARS-CoVs and

MERS-CoV N7-MTases (Table 3). The ICso values of compounds 11, 16, 21 and 26 on these
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MTases show a similar range of N7-MTase inhibition demonstrating that these inhibitors might
have pan-CoV activity, whereas they are barely active on the cognate hRNMT and not active
on NS5 of DV3, confirming their selectivity toward a large range of CoV N7-MTases.
Remarkably, compounds 21 and 26 inhibit SARS-CoV-2 nsp14 with 47 000- and 230 000-fold
much higher selectivity over hN7-MTase, respectively, compared to the previous inhibitor

MH44, which was 2800-fold more selective.

Moreover, a dose-response assay showed no inhibition of SARS-CoV-2 2°0O-MTase
(nsp10/nsp16 complex) by compounds 11, 21 and 26 and a moderate inhibition by N°-methyl
adenine derivative 16 (ICso 76.9 uM) confirming that these four compounds are highly selective

in targeting CoV N7-MTases.

Table 3
Comparison of ICsy values of the most active compounds of each series on SARS-CoV, SARS-CoV-2, MERS-
CoV, DV3 and human N7-MTase activities

ICso” (nM)
Compounds " SARS-CoV-2  SARS-CoV MERS-CoV Human DV3
nspl4 nspl4 nspl4 RNMT NS5
11 468 + 150 3994 + 700 9766+ 5600 56166 = 7100 n.i
16 62+2 51.7+32 471.9 £ 147 16100 = 3860 n.i
21 124025 0.8 +0.5 1254025 56500+ 17930 n.i
26 0.72 + 0.4 0.141 £ 0.02 2.7+0.8 165300 + 30700 n.i

“Concentration inhibiting MTase activity by 50%; mean value from three independent experiments. The MTase
activity for ICso determinations was measured using a filter binding assay as described above. n.i: no inhibition.

2.5. Structural basis for compound selectivity

Molecular modeling experiments of the best inhibitors of each series (compounds 6, 11, 16,
21 and 26) were further analyzed in order to rationalize their mode of action. Fig. 2 shows that
the C7-phenyl and C7-quinoline 7-deaza-adenine in compounds 21 (panel D) and 26 (panel E)
perfectly overlay the adenine nucleobase of SAH present in the structure of SARS-CoV-2
nspl4 (PDB 7R2V). Similar results were obtained in our docking experiments based on the
structure of the SARS-CoV nsp14-nsp10 complex solved in the presence of SAM (PDB 5C8T)
[23], which shares 95% sequence identity with SARS-CoV-2 nsp14. The amine moiety on the
adenine base makes a key interaction with the backbone carbonyl of Tyr368 (Fig. 2D, 2E and
2F), which is lost in the N®-methyl adenosine derivatives 7-16 (Fig. 2B and 2C) and in the
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inosine analogues 1-6 (Fig. 2A). These modifications of N°-NH> in compounds 1-16 likely
impact the orientation of the nucleobase that does not superpose to SAH anymore, and give

lower docking scores (Table 2).
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Fig. 2. Overlay of the best inhibitors of each series and the SAH molecule present in the structure of SARS-CoV-
2 nspl4. The protein is represented in light grey cartoon, the main residues interacting with the inhibitors are
shown in light grey lines. SAH is shown in dark grey sticks. Hydrogen bonds between the inhibitors and the protein
are highlighted in green, n-stacking interactions are shown in blue. A. Compound 6 (purple sticks). B. Compound
11 (yellow sticks). C. Compound 16 (light brown sticks). D. Compound 21 (orange sticks). E. Compound 26
(beige sticks). F. 2D representation of the predicted interactions between the best inhibitor 26 and SARS-CoV-2
nspl4.

The C7-substituted-7-deaza-adenine nucleosides 17-26 show the best inhibition profile and
the docking studies reveal that the phenyl group in 21 and the 3-quinoline substitution in 26
protrude into the SAM entry tunnel present in the SARS-CoV and SARS-CoV-2 structures (Fig.
3A, top and middle panels and Fig. S1). Additionally, the 3-quinoline substitution in 26 makes
a pseudo m-stacking interaction with Pro429 (Fig. 2F) which was not observed with the phenyl
group in 21. On the other hand, the SAM entry tunnel is absent in the cognate hARNMT structure,
while the presence of an extra helix likely induces a steric clash with the phenyl or 3-quinoline
moieties (Fig. 3A, bottom panel). This may participate in the selective inhibition observed on
CoV-MTase activities, compared to the weak inhibition of its human ortholog hRNMT. It is
worth noting that the apo structure of SARS-CoV-2 nsp14 lacking the SAM/SAH (PDB 7QGI)
reveals the presence of a flexible loop (GIn354 — Thr378) closing the SAM entry gate [28],
which clashes with compounds 21 and 26, suggesting that these inhibitors could block the CoV

N7-MTase in an open conformation (Fig. 3B).
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Fig. 3. A. Model of 26 (beige sticks) binding to SARS-CoV-2 nspl14 (PDB 7R2V, grey, top panel) or to SARS-
CoV nspl4 (PDB 5CS8T, teal, middle panel), showing the 3-quinoline moiety protruding from the SAM entry
tunnel, which is absent in the human ortholog enzyme N7-methyltransferase (PDB 3BGV, yellow, bottom panel).
B. Comparison of the structure of SARS-CoV-2 nsp14 (PDB 7R2V, grey cartoon) bound to 26 (beige sticks) with
the apo structure (PDB 7QGI, light pink cartoon), showing the presence of a flexible loop closing the SAM entry
gate.

On the 5’ side of the nucleoside inhibitors, the phenyl moiety substituted in meta (NO2, CN,
or Cl) and para (Me, OMe and Br) positions sits in the cap binding pocket and makes a n-nt
stacking interactions with Phe426 (d = 3.6 — 4 A), as previously reported (Fig. 2, blue dashes)
[23]. Additionally, the docking poses of the two best inhibitors 21 and 26 suggest potential
interactions of the methoxy substituent with the side-chains of GIn388 and Thr428 (Fig. 2D, 2E
and 2F).

2.6. SARS-CoV-2 inhibition assay in Vero E6 TMPRSS? cells

To assess whether the inhibitory activity observed in SARS-CoV-2 N7-MTase nspl4
inhibition assays translates to viral replication inhibition, the antiviral activity of the best nsp14
inhibitors 17-26 (0.72 nM < ICsp < 25.6 nM) was evaluated in cell culture in a viral RNA yield
reduction assay using qRT-PCR for viral RNA quantification [42-45]. A dose-response

inhibition assay was performed with compounds concentrations from 0.4 uM to 10 uM in Vero
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E6 TMPRSS2 cells infected with SARS-CoV-2 (BavPat; lineage B.1) (Fig. 4A). The results of
this study reveal that most of the compounds exhibited no cytotoxicity for the cells at
concentrations up to 10 uM (Fig. 4B). Compounds 22-26 containing C7-quinolin-ethynyl 7-
deaza-adenine moieties showed a moderate activity reaching barely 50% of viral inhibition at
10 uM concentration in comparison with compounds 17-21 with a phenyl-ethynyl substituent
at C7 of adenine that did not display any inhibitory activity (Fig. 4A). The antiviral effect at 10
UM concentration, albeit weak, suggests that compounds 22-26 were able to enter, at least

partly, VeroE6 TMPRSS2 cells to mediate inhibition of SARS-CoV-2 replication.
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Fig. 4. Dose-response assay on compounds 17-26 on (A) SARS-CoV-2 (B.1) viral inhibition in % of untreated
infected control and (B) Vero E6 TMPRSS2 cell viability in % of untreated control. These experiments were
performed in duplicate at four concentrations: 10 pM, 3.3 uM, 1.1 pM and 0.4 uM (from left to right bars).
Remdesivir was used as a positive control with the same concentrations.

Our results and the various studies published in the last two years on SARS-CoV-2 nspl4
inhibitors did not reveal any significant antiviral activity, which was unexpected given the
potent nanomolar to subnanomolar inhibitions obtained on the purified enzyme [21-25]. Several
hypotheses could explain the moderate inhibition observed. The poor activity could result either
delivery issue to the viral replication site or from the early metabolism of the compounds in the
cells before they reach their target. Nevertheless, a recent study on compounds of similar
chemical structure showed that they were stable in plasma and in human liver S9 fraction
containing microsomal and cytosolic enzymes [24]. Finally, even several reverse genetic
studies have demonstrated that SARS-CoV-2 replication is strongly impaired by mutagenesis
of the N7-MTase catalytic site [11], it cannot be ruled out that the antiviral effect of these

mutations results from an unidentified nsp14 function and that the nsp14 N7-MTase activity is



not absolutely required for viral replication in our cell system. Further work is now needed to

address these different possibilities.

3. Conclusion

Altogether, the SAR presented in this work demonstrates the possibility to optimize the
inhibitory activity of adenosine-derived compounds, based on the SAM-bound SARS nspl14
crystal structures. By combining the substitution of the nucleobase at the C7 position with
modifications on the ribose mimicking the GTP moiety, we obtained a series of compounds
inhibiting the N7-MTase activity of SARS-CoV-2 nsp14 at nanomolar concentrations and one
compound with subnanomolar ICso. The nanomolar inhibitions obtained with 7-deaza
adenosine analogues as SAH mimetics are consistent with the results of Nencka et al. [22]. It is
noteworthy that for the first time, the subnanomolar range could be reached by our scaffold
combining the 5’-deoxy 5’-(N-methyl N-arylsulfonamide) moiety with C7-quinolin-ethynyl 7-
deaza-adenine. Docking analyses suggest that C7-adenine nucleobase superimposes perfectly
with the adenine of the SAM in the nspl4 structures, while the 3-quinoline or the phenyl
substituent on the nucleobase protrudes into the SAM entry channel. These substituents may
thus block the mobile loop that controls the SAM entry gate in its open position and prevent
SAM access to the MTase substrate [28].

Because the nsp14 protein from SARS-CoV, SARS-CoV-2 and MERS-CoV share a similar
structural organization, we hypothesized that our compounds might have pan-CoV inhibitory
activity. This was confirmed by demonstrating that the best compounds inhibit SARS-CoV,
SARS CoV-2 and MERS-CoV nspl4 N7-MTase activity. In the event of the emergence of a
new coronavirus that would lead to a potential pandemic, the development of pan-CoV
inhibitors appears to be essential and our original inhibitors fit into this class. Conversely, we
did not observe any inhibition of dengue virus NS5 MTase activity and the human N7-MTase
involved in RNA capping is barely inhibited by our compounds, thus demonstrating their
selectivity. The lack of inhibition of human N7-MTase is probably related to its different
structural organization, as the SAM entry tunnel and the mobile loop recently described for
nsp14 are absent in the human ortholog.

This SAR study thus led to a new series of compounds that inhibit N7-MTases of
coronaviruses with subnanomolar to nanomolar activity, while sparing the cognate human N7-
MTase. The potent and selective inhibition of these adenosine mimetics on SARS-CoVs and

MERS-CoV N7-MTases argues for further work to enable their internalization into cells
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towards DMV, the stability of compounds upon intracellular penetration and demonstrate

cellular antiviral activity against CoVs.

4. Experimental section
4.1. Chemistry
4.1.1. General procedures.

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 Fs4. Purifications by column chromatography were performed using Biotage Isolera 1
system or Buchi C-815 system with Flash-Pure cartridges (Buchi). NMR experiments were
recorded on Bruker 500 or 600 MHz spectrometer 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. Nucleosides 1 — 26 were analyzed by RP-HPLC on a Column Nucleodur
Cis ec 100-3, 4.6 x 75 mm (Macherey Nagel) at 30 °C. The following HPLC solvent systems
were used: 1% CH3CN in 50 mM TEAAc (buffer A), 80% CH3CN in 50 mM TEEAc (buffer
B). Flow rate was 1 mL/min. UV detection was performed at 260 nm. Finals compounds 1-26

were stored at -20 °C for several months without any degradation.

General method A for the synthesis of compounds 33—-38. To a solution of compounds 27—
32 [23] in acetic acid/water (85/15 v:v, C=0.09 M) was added NaNO» (15.00 eq). After stirring
at 25 °C for 48 h, another NaNO> portion (10.00 eq) was added and the mixture was allowed to
react at 25 °C for 24 h. After completion of the reaction, the volatiles were removed in vacuo,
the residue was diluted with AcOEt and washed with water. Aqueous layer was extracted with
AcOEt and the combined organic extracts were washed with brine, dried over Na>SO4 and
concentrated in vacuo. The residue was purified by flash column chromatography (dry sample,

silica gel, linear gradient 0-5% MeOH in CH2Cl») to give the desired compound as a solid.

5’-deoxy-5’-N-(3-chloro-4-methylbenzenesulfonyl)-2’,3 -isopropylideneinosine (33).

Following method A with 27 (163 mg, 0.33 mmol, 1.00 eq), 33 was obtained as an off-white
solid (121 mg, 74%). Ry 0.44 (1:9 MeOH/CH>Cl»)."H-NMR (600 MHz, DMSO-ds) § 12.43 (s,
1H) ; 8.23 (s, 1H) ; 8.03 (br. s, 1H) ; 8.02 (s, 1H) ; 7.71 (d, J = 1.9 Hz, 1H) ; 7.57 (dd, J = 8.0,
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1.9 Hz, 1H) ; 7.49 (d, ] = 8.1 Hz, 1H) ; 6.09 (d, ] = 2.8 Hz, 1H) ; 5.28 (dd, ] = 6.4, 2.8 Hz, 1H)
:4.88 (dd, J = 6.4,3.3 Hz, 1H); 4.13 (ddd, ] = 6.7, 5.5, 3.3 Hz, 1H) ; 3.10 (dd, J = 13.6, 5.6 Hz,
1H) ; 3.03 (dd, J = 13.7, 6.9 Hz, 1H) ; 2.37 (s, 3H) ; 1.50 (s, 3H) ; 1.28 (s, 3H). 3C-NMR (150
MHz, DMSO-ds) § 156.5, 147.4, 145.9, 140.6, 139.5, 139.3, 133.8, 131.8, 126.6, 125.1, 124.8,
113.6, 89.1, 84.5, 83.3, 81.4, 444, 269, 25.1, 19.7. HRMS (ESI+): m/z caled for
C20H23CINsO6S [M+H]': 496.1052, Found 496.1046.

5’-deoxy-5"-N-(3-nitro-4-methoxybenzenesulfonyl)-2",3 -isopropylideneinosine (34).
Following method A with 28 (156 mg, 0.30 mmol, 1.00 eq), 34 was obtained as an off-white
solid (123 mg, 79%). Ry 0.54 (1:9 MeOH/CH,Cl,). '"H-NMR (600 MHz, DMSO-ds) § 12.43 (d,
J=3.9 Hz, 1H) ; 8.25 - 8.18 (m, 2H, Hg) ; 8.10 (t, ] = 6.0 Hz, 1H) ; 8.03 (d, ] =3.9 Hz, 1H) ;
7.94 (dd, J =8.9,2.3 Hz, 1H) ; 7.46 (d, ] = 8.9 Hz, 1H) ; 6.09 (d, J =2.8 Hz, 1H) ; 5.28 (dd, J
=6.4,29 Hz, 1H) ; 4.88 (dd, J = 6.3, 3.4 Hz, 1H) ; 4.16 — 4.10 (m, 1H) ; 4.00 (s, 3H) ; 3.18 —
3.03 (m, 2H) ; 1.50 (s, 3H) ; 1.28 (s, 3H). '*C-NMR (150 MHz, DMSO-ds) § 156.5, 154.7,
147.4,146.0,139.3,138.4,132.4,132.1,124.8,123.9,115.1, 113.7, 89.0, 84.5, 83.3, 81.4, 57 .4,
44.4, 26.9, 25.1. HRMS (ESI+): m/z caled for CoH23N6OoS [M+H]": 523.1242, Found
523.1223.

5’-deoxy-5’-N-(3-cyano-4-methoxybenzenesulfonyl)-2’,3 -isopropylideneinosine (35).
Following method A with 29 (100 mg, 0.20 mmol, 1.00 eq), 35 was obtained as an off-white
solid (65 mg, 65%). Ry 0.37 (1:9 MeOH/CHCl>). '"H-NMR (500 MHz, DMSO-ds) § 12.45 (s,
1H) ; 8.22 (s, 1H) ; 8.06 — 7.99 (m, 3H) ; 7.94 (dd, J = 8.7, 2.5 Hz, 1H) ; 7.33 (d, ] = 9.0 Hz,
1H) ; 6.08 (d, J =2.8 Hz, 1H) ; 5.28 (dd, J = 6.5, 2.8 Hz, 1H) ; 4.86 (dd, J] = 6.5, 3.3 Hz, 1H) ;
4.12 (td, J = 6.1, 3.5 Hz, 1H) ; 3.98 (s, 3H) ; 3.18 — 3.00 (m, 2H) ; 1.50 (s, 3H) ; 1.28 (s, 3H).
BC-NMR (125 MHz, DMSO-de) & 163.3, 156.5, 147.5, 146.0, 139.3, 133.4, 132.9, 132.4,
124.8, 115.1, 113.7, 112.9, 100.9, 89.0, 84.5, 83.4, 81.4, 57.1, 44.4, 26.9, 25.2. HRMS (ESI+):
m/z caled for C21H23N6O7S [M+H]": 503.1343, Found 503.1346.

5’-deoxy-5"-N-(ethyl)-(3-chloro-4-methylbenzenesulfonyl)-2’, 3 -isopropylideneinosine (36).

Following method A with 30 (135 mg, 0.26 mmol, 1.00 eq), 36 was obtained as an off-white
solid (81 mg, 60%). Ry 0.45 (1:9 MeOH/CH>Cl>). 'H-NMR (600 MHz, DMSO-ds) § 12.45 (s,
1H) ; 8.28 (s, 1H) ; 8.09 (s, 1H) ; 7.70 (d, J = 1.9 Hz, 1H) ; 7.58 (dd, ] = 8.0, 1.9 Hz, 1H) ; 7.50
(d,J=82Hz, 1H);6.17(d,J=2.3 Hz, 1H) ; 5.37 (dd, ] = 6.4, 2.4 Hz, 1H) ; 5.01 (dd, ] = 6.4,
3.3 Hz, 1H);4.28 (ddd, J = 8.4, 5.4,3.4 Hz, 1H) ; 3.55 (dd, J = 14.7, 5.3 Hz, 1H) ; 3.33 — 3.26
(m, 1H) ; 3.18 — 3.06 (m, 2H) ; 2.37 (s, 3H) ; 1.52 (s, 3H) ; 1.32 (s, 3H) ; 0.87 (t, J = 7.1 Hz,
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3H).*C-NMR (150 MHz, DMSO-de) § 156.5, 147.5, 146.0, 141.0, 139.5, 138.6, 134.0, 132.0,
126.8, 125.5, 124.8, 113.5, 89.1, 84.9, 83.4, 81.8, 48.9, 43.3, 26.9, 25.2, 19.7, 13.4. HRMS
(ESI+): m/z caled for C22H27CINsO6S [M+H]": 524.1365, Found 524.13609.

5’-deoxy-5’-N-(ethyl)-(3-nitro-4-methoxybenzenesulfonyl)-2’, 3 -isopropylideneinosine (37).
Following method A with 31 (100 mg, 0.18 mmol, 1.00 eq), 37 was obtained as an off-white
solid (59 mg, 59%). Ry 0.56 (1:9 MeOH/CHCl,). '"H-NMR (600 MHz, DMSO-d) § 12.45 (s,
1H); 8.27 (s, I1H) ; 8.22 (d,J =2.4 Hz, 1H) ; 8.08 (s, IH) ; 7.96 (dd, ] =9.0, 2.4 Hz, 1H) ; 7.44
(d,J=9.1Hz, 1H);6.17 (d,J=2.5Hz, 1H) ; 5.36 (dd, J = 6.4, 2.4 Hz, 1H) ; 5.00 (dd, ] = 6.5,
3.5Hz, 1H) ; 4.29 (ddd, ] =8.5,5.3,3.4 Hz, 1H) ; 4.00 (s, 3H) ; 3.57 (dd, J = 14.9, 5.3 Hz, 1H)
; 3.35-3.28 (m, 1H) ; 3.20 — 3.05 (m, 2H) ; 1.52 (s, 3H) ; 1.31 (s, 3H) ; 0.88 (t, J = 7.1 Hz,
3H). 3C-NMR (150 MHz, DMSO-ds) 5 156.5, 154.7, 147.5, 146.1, 139.5, 138.8, 132.7, 131.0,
124.8, 124.0, 115.1, 113.6, 89.0, 84.9, 83.5, 81.8, 57.4, 48.9, 43.4, 26.9, 25.2, 13.4. HRMS
(EST+): m/z caled for C22H27N6OoS [M+H]™: 551.1541, Found 551.1538.

5’-deoxy-5"-N-(ethyl)-(3-cyano-4-methoxybenzenesulfonyl)-2’, 3 -isopropylideneinosine (38).
Following method A with 32 (75 mg, 0.14 mmol, 1.00 eq), 38 was obtained as an off-white
solid (60 mg, 80%). Ry 0.43 (1:9 MeOH/CH>Cl,). 'H-NMR (500 MHz, DMSO-dy) & 8.27 (s,
1H) ; 8.13 (d, J =2.3 Hz, 1H) ; 8.08 (s, 1H) ; 7.96 (dd, J = 9.0, 2.3 Hz, 1H) ; 7.31 (d, ] =9.0
Hz, 1H) ; 6.16 (d, J = 2.3 Hz, 1H) ; 5.36 (dd, J = 6.4, 2.3 Hz, 1H) ; 4.99 (dd, J = 6.4, 3.4 Hz,
1H) ; 4.28 (dt, J =8.4,4.3 Hz, 1H) ; 3.99 (s, 3H) ; 3.56 (dd, J = 14.8, 5.2 Hz, 1H) ; 3.34 - 3.26
(m, 1H) ; 3.11 (dp, J = 25.0, 7.3 Hz, 2H) ; 1.53 (s, 3H) ; 1.32 (s, 3H) ; 0.86 (t, J = 7.0 Hz, 3H).
BC-NMR (125 MHz, DMSO-ds) § 163.5, 156.8, 148.6, 146.4, 139.4, 133.8, 132.7, 131.9,
124.8, 115.0, 113.6, 112.9, 101.2, 89.0, 85.1, 83.4, 81.8, 57.2, 48.9, 43.4, 26.9, 25.2, 13.4.
HRMS (ESI+): m/z caled for C23H27N6O7S [M+H]": 531.1656, Found 531.1667.

2,3 -isopropylidene-7-phenylethynyl-7-deazaadenosine (53).

EtsN (968 ul, 6.94 mmol, 3.00 eq) and phenylacetylene (508 ul, 4.63 mmol, 2.00 eq) were
added to a solution of 52 (1.00 g, 2.31 mmol, 1.00 eq) in THF (C = 0.066 M) under argon. After
stirring for 30 min, under an argon flow, Cul (132 mg, 0.69 mmol, 0.30 eq) and Pd(PPhs)4 (267
mg, 0.23 mmol, 0.10 eq) were added. After stirring for 2 h at 60°C, silica was added to the
mixture and all the volatiles were removed in vacuo. The crude was purified by flash column
chromatography (dry sample, silica gel, linear gradient 0-5% MeOH in AcOEt) to give 53 as a
colorless foam (801 mg, 85%). Ry= 0.63 (1:9 MeOH/AcOEt). 'H-NMR (600 MHz, DMSO-dj)
08.20 (br. s, 1H) ; 7.91 (s, 1H) ; 7.63 — 7.55 (m, 2H) ; 7.47 — 7.38 (m, 3H) ; 6.24 (d, ] = 3.3 Hz,
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1H) ; 5.20 — 5.13 (m, 2H) ; 4.93 (dd, J = 6.2, 2.8 Hz, 1H) ; 4.16 (td, J = 4.6, 2.8 Hz, 1H) ; 3.62
~3.52 (m, 2H) ; 1.55 (s, 3H) ; 1.32 (s, 3H). 3C-NMR (150 MHz, DMSO-ds) & 157.7, 153.0,
149.5, 131.1, 128.7, 128.5, 127.2, 127.2, 122.4, 113.1, 102.1, 95.1, 91.2, 89.0, 85.7, 83.7, 82.7,
81.0, 61.6, 27.1, 25.2. HRMS (ESI+): m/z caled for C2oHasNsOg [M+H]": 407.1714, Found
407.1707.

2’3 -isopropylidene-7-(quinolin-3-ethynyl)-7-deazaadenosine (54).

To a solution 0f' 52 (1.00 g, 2.31 mmol, 1.00 eq) in THF (C = 0.066 M) under argon, were added
EtzN (968 ul, 6.94 mmol, 3.00 eq) and 3-ethynylquinoline (709 mg, 4.63 mmol, 2.00 eq). After
stirring for 30 min under an argon flow, Cul (132 mg, 0.69 mmol, 0.30 eq) and Pd(PPhs)4 (267
mg, 0.23 mmol, 0.10 eq) were added. After stirring for 2 h at 60°C, silica was added to the
mixture and all the volatiles were removed in vacuo. The residue was purified by flash column
chromatography (dry sample, silica gel, linear gradient 0-5% MeOH in AcOEt) to give 54 as a
colorless foam (1.01 g, 95%). Ry= 0.57 (1:9 MeOH/AcOEt). 'TH-NMR (600 MHz, DMSO-dj)
09.04 (d,J=2.2 Hz, 1H) ; 8.65 (d,J =2.1 Hz, 1H) ; 8.19 (s, 1H) ; 8.05 (dd, J = 8.4, 1.0 Hz,
1H) ; 8.06 - 7.98 (m, 2H) ; 7.80 (ddd, J = 8.5, 6.9, 1.5 Hz, 1H) ; 7.67 (ddd, J = 8.0, 6.8, 1.2 Hz,
1H); 6.26 (d,J =3.2 Hz, I1H) ; 5.23 - 5.16 (m, 2H) ; 4.95 (dd, J =6.2,2.9 Hz, 1H) ; 4.18 (td, J
= 4.6, 2.8 Hz, 1H) ; 3.64 — 3.53 (m, 2H) ; 1.55 (s, 3H) ; 1.33 (s, 3H). *C-NMR (150 MHz,
DMSO-ds) 6 157.6, 153.1, 151.6, 149.6, 146.2, 138.0, 130.3, 128.8, 128.0, 128.0, 127.5, 126.9,
116.8, 113.1, 101.9, 94.7, 89.1, 88.8, 85.9, 85.8, 83.8, 81.1, 61.6, 27.1, 25.2. HRMS (ESI+):
m/z caled for C2sH24NsO4 [M+H]": 458.1823, Found 458.1826.

5’-deoxy-5 -methylamino-2’,3 -isopropylidene-7-phenylethynyl-7-deazaadenosine (55).

Methanesulfonyl chloride (228 pL, 2.95 mmol, 1.20 eq) was added dropwise to a solution of
53 (1.00 g, 2.46 mmol, 1.00 eq) and Et3N (755 pl, 5.41 mmol, 2.20 eq) in anhydrous CH>Cl»
(35.1 mL, C=0.07 M) at -10 °C under argon. After stirring at -10° C for 30 min, the reaction
mixture was diluted with a saturated NH4Cl solution. The aqueous layer was extracted with
CH:Cl; and the combined organic extracts were washed with brine, dried over Na,SO4 and
concentrated in vacuo. The residue was purified by flash column chromatography (liquid
sample, silica gel, linear gradient 0-50% acetone in CH>Cl») to give the mesylate compound as
a colorless foam (950 mg, 80%). Ry= 0.54 (1:1 acetone/CH2Clz). After drying under reduce
pressure, the mesylate compound (870 mg, 1.80 mmol) was treated with a solution of 2M
MeNH; in THF (18.0 mL, C = 0.1M) in a sealed vessel at 50 °C for 72 h. The mixture was
concentrated in vacuo, the residue was diluted with AcOEt and brine. Aqueous layer was
extracted with AcOEt and the combined organic extracts were washed with brine, dried over
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Na>SOs4 and concentrated in vacuo. The residue was purified by flash column chromatography
(liquid sample, silica gel, linear gradient 0-12% MeOH in CH2Cl> 1% NEt3) to give 55 as a
foam (416 mg, 55%). Ry= 0.01 (1:9 MeOH/CH>Cl,). "H-NMR (500 MHz, DMSO-ds) & 8.18
(s, 1H) ; 7.90 (s, 1H) ; 7.62 — 7.56 (m, 2H) ; 7.48 — 7.38 (m, 3H) ; 6.18 (d, ] = 3.1 Hz, 1H) ;
5.25(dd,J=6.5,3.2 Hz, 1H) ; 491 (dd, J = 6.5, 3.3 Hz, 1H) ; 4.15 (dt, ] = 6.2, 3.7 Hz, 1H) ;
2.76 —2.64 (m, 2H) ; 2.29 (s, 3H) ; 1.53 (s, 3H) ; 1.31 (s, 3H). *C-NMR (125 MHz, DMSO-
de) 6 157.7, 153.1, 149.6, 131.1, 128.7, 128.6, 127.4, 127.2, 122.4, 113.4, 102.1, 95.2, 91.3,
88.6, 84.0, 83.3, 82.7, 81.9, 53.2, 36.1, 27.1, 25.2. HRMS (ESI+): m/z calcd for C23H26Ns03
[M+H]": 420.2030, Found 420.2040.

5’ -deoxy-5"-methylamino-2",3 -isopropylidene-7-(quinolin-3-ethynyl)-7-deazaadenosine (56)
Methanesulfonyl chloride (205 pL, 2.65 mmol, 1.20 eq) was added dropwise to a solution of
54 (1.01 g, 2.21 mmol, 1.00 eq) and EtzN (679 ul, 4.87 mmol, 2.20 eq) in anhydrous CH>Cl,
(31.6 mL, C=0.07 M) at -10 °C under argon. After stirring at -10° C for 30 min, the reaction
mixture was diluted with a saturated NH4Cl solution. The aqueous layer was extracted with
CH:Cl; and the combined organic extracts were washed with brine, dried over Na;SO4 and
concentrated in vacuo. The residue was purified by flash column chromatography (liquid
sample, silica gel, linear gradient 0-50% acetone in CH>Cl) to give the mesylate intermediate
as a colorless foam (1.03 g, 87%). Ry= 0.43 (1:1 acetone/CH2Cl2). After drying, the mesylate
compound (1.03 g, 1.92 mmol) was treated with a 2M MeNH> solution in THF (19.2 mL, C =
0.1M) in a sealed vessel at 50 °C for 72 h. After completion of the reaction, the mixture was
concentrated in vacuo, the residue was diluted with AcOEt and brine. Aqueous layer was
extracted with AcOEt and the combined organic extracts were washed with brine, dried over
NazSO4 and concentrated in vacuo. The residue was purified by flash column chromatography
(liquid sample, silica gel, linear gradient 0-12% MeOH in CH>Cl> 1% NEt3) to give 56 as a
foam (280 mg, 31%). Rr= 0.02 (1:9 MeOH/CH2Cl,). "H-NMR (600 MHz, DMSO-ds) & 9.04
(d,J=2.1Hz, 1H);8.65(d,J=2.3 Hz, 1H) ; 8.20 (s, 1H) ; 8.05 (dd, J = 8.5, 1.0 Hz, 1H, Hquin)
;8.03-7.97 (m, 2H) ; 7.81 (ddd, J = 8.5, 6.9, 1.4 Hz, 1H) ; 7.67 (ddd, J = 8.1, 6.7, 1.2 Hz, 1H)
;6.20 (d,J=3.3 Hz, 1H) ; 5.27 (dd, ] = 6.4,3.3 Hz, 1H) ; 491 (dd,J =6.4,3.3 Hz, 1H) ; 4.16
(td, J=5.9,3.3 Hz, 1H) ; 2.75 — 2.63 (m, 2H) ; 2.28 (s, 3H) ; 1.54 (s, 3H) ; 1.32 (s, 3H). 1*C-
NMR (150 MHz, DMSO-ds) 6 157.6, 153.2, 151.7, 149.7, 146.2, 138.0, 130.4, 128.8, 128.2,
128.0, 127.5, 126.9, 116.9, 113.4, 101.9, 94.9, 88.8, 88.7, 85.9, 84.2, 83.3, 82.0, 53.4, 36.3,
27.1,25.2. HRMS (ESI+): m/z caled for C26H27N6O3 [M+H]": 471.2139, Found 471.2134.
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General method B for the synthesis of compounds 40—44, 57-61, 62—66. To a solution of 39
obtained according to described procedures [32, 33], 55 or 56 (1.00 eq) in anhydrous DMF (C
= 0.1 M) were added Et;N (2.00 eq) and the corresponding benzenesulfonyl chloride reactant
(1.25 eq) in three portions at -10 °C under argon. After stirring at -10 °C for 1.5-3 h, the reaction
mixture was diluted with AcOEt and washed with brine. The aqueous layer was extracted with
AcOEt and the combined organic extracts were washed with a 2M LiCl solution and brine,
dried over Na;SO4 and concentrated in vacuo. The residue was purified by flash column

chromatography to give the desired compound as a solid.

5’-deoxy-5’-N-(3-nitro-4-bromobenzenesulfonyl)-2’,3 -isopropylidene-N6-methyladenosine
(40).

Following method B with 39 (400 mg, 1.25 mmol, 1.00 eq) and 4-bromo-3-
nitrobenzenesulfonyl chloride (469 mg, 1.56 mmol, 1.25 eq), 40 was obtained as a white foam
(450 mg, 62%). Ry 0.67 (1:1 acetone/CH2Cl»). "H-NMR (500 MHz, DMSO-ds) & 8.55 (br. s,
1H); 832 (d,J=2.1 Hz, 1H) ; 8.26 (s, 1H) ; 8.21 (s, 1H) ; 8.04 (d, /= 8.4 Hz, 1H) ; 7.87 (br.
s, 1H); 7.83 (dd, J=8.4,2.1 Hz, I1H); 6.12 (d, J=2.6 Hz, 1H) ; 5.33 (dd, /= 6.1, 2.6 Hz, 1H)
;4.89 (dd, J=6.1, 2.8 Hz, 1H) ; 4.16 (td, /= 6.0, 3.0 Hz, 1H) ; 3.24 — 3.15 (m, 2H) ; 2.95 (s,
3H); 1.50 (s, 3H) ; 1.27 (s, 3H). '*C-NMR (125 MHz, DMSO-ds) § 155.1, 152.7, 149.4, 147 .4,
141.2, 139.9, 136.1, 130.9, 123.6, 119.8, 118.0, 113.5, 89.4, 84.4, §83.0, 81.6, 44.5, 27.0, 25.1.
HRMS (ESI+): m/z caled for C20H23BrN7O7S [M+H]": 584.0558 Found 584.0546.

5’-deoxy-5’-N-(3-nitro-4-methylbenzenesulfonyl)-2’, 3 -isopropylidene-N6-methyladenosine
(41).

Following method B with 39 (400 mg, 1.25 mmol, 1.00 eq) and 4-methyl-3-
nitrobenzenesulfonyl chloride (368 mg, 1.56 mmol, 1.25 eq), 41 was obtained as a white foam
(522 mg, 80%). Ry 0.53 (1:1 acetone/CH2Cl»). "H-NMR (600 MHz, DMSO-ds) & 8.38 (br. s,
1H) ; 8.24 (d,J=1.8 Hz, 1H) ; 8.23 (s, 1H) ; 8.19 (s, 1H) ; 7.86 (dd, J=8.1, 1.8 Hz, 1H) ; 7.84
(br.s, 1H); 7.58 (d, J=8.1, 1H) ; 6.11 (d, /= 2.8 Hz, 1H) ; 5.32 (dd, J = 6.2, 2.8 Hz, 1H) ;
4.90 (dd,J=6.2,2.8 Hz, IH) ; 4.17 (td, J=6.1, 3.0 Hz, 1H) ; 3.19 (dd, /= 13.8, 5.2 Hz, 1H) ;
3.13 (dd, J = 13.5, 6.7 Hz, 1H) ; 2.96 (s, 3H) ; 2.55 (s, 3H) ; 1.50 (s, 3H) ; 1.28 (s, 3H). 13C-
NMR (150 MHz, DMSO-ds) 6 155.0, 152.6, 148.4, 147.3, 139.9, 139.4, 137.6, 133.9, 130.5,
122.6,119.8, 113.4, 89.4, 84.4, 83.0, 81.6, 44.5, 26.9, 25.1, 19.7. HRMS (ESI+): m/z calcd for
C21H26N707S [M+H]": 520.1609, Found 520.1612.
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5’-deoxy-5’-N-(3-chloro-4-methylbenzenesulfonyl)-2’, 3 -isopropylidene-N6-methyladenosine

(42).

Following method B with 39 (400 mg, 1.25 mmol, 1.00 eq) and 3-chloro-4-
methylbenzenesulfonyl chloride (351 mg, 1.56 mmol, 1.25 eq), 42 was obtained as a white
foam (582 mg, 91%). Ry 0.66 (1:1 acetone/CH,Cl>). 'H-NMR (600 MHz, DMSO-ds) & 8.26 (s,
1H) ; 8.22 (br.s,2H) ; 7.85 (br. s, 1H) ; 7.68 (d, /= 1.8 Hz, 1H) ; 7.54 (dd, /= 7.9, 1.7 Hz, 1H)
; 746 (d, J=8.2 Hz, 1H) ; 6.12 (d, J= 2.8 Hz, 1H) ; 5.34 (dd, /= 6.2, 2.8 Hz, 1H) ; 4.90 (dd,
J=06.2,2.9 Hz, 1H) ; 4.16 (td, J= 5.8, 3.0 Hz, 1H) ; 3.15 — 3.04 (m, 2H) ; 2.96 (s, 3H) ; 2.35
(s, 3H) ; 1.51 (s, 3H) ; 1.28 (s, 3H). 3*C-NMR (150 MHz, DMSO-ds) § 155.1, 152.6, 147.4,
140.6, 139.9, 139.5, 133.8, 131.9, 126.5, 125.1, 119.9, 113.5, 89.5, 84.3, 82.9, 81.6, 44.5, 26.9,
25.1,19.6. HRMS (ESI+): m/z calcd for C21H26CINgOsS [M+H]™: 509.1368, Found 509.1369.

5’-deoxy-5’-N-(3-nitro-4-chlorobenzenesulfonyl)-2’,3 -isopropylidene-N6-methyladenosine
(43).

Following method B with 39 (500 mg, 1.56 mmol, 1.00 eq) and 4-chloro-3-
nitrobenzenesulfonyl chloride (499 mg, 1.95 mmol, 1.25 eq), 43 was obtained as a white foam
(524 mg, 62%). Ry 0.65 (1:1 acetone/CH,Cl»). "H-NMR (500 MHz, DMSO-ds) & 8.55 (br. s,
1H); 8.35(d,J=2.2 Hz, 1H) ; 8.25 (s, 1H) ; 8.21 (s, 1H) ; 9.94 (dd, /= 8.5, 2.3 Hz, 1H) ; 7.87
(d,/=8.3Hz 2H);6.12(d,J=2.6 Hz, 1H) ; 5.33 (dd, /= 6.2, 2.6 Hz, 1H) ; 4.90 (dd, /= 6.2,
3.0 Hz, 1H) ; 4.16 (td, J = 6.0, 3.1 Hz, 1H) ; 3.25 - 3.16 (m, 2H) ; 2.95 (d, J = 3.2 Hz, 3H) ;
1.50 (s, 3H) ; 1.27 (s, 3H). '>*C-NMR (125 MHz, DMSO-ds) 8 155.1, 152.7, 147.4, 147.2, 140.6,
139.9, 133.0, 131.2, 129.4, 124.0, 119.8, 113.5, 89.4, 84.4, 83.0, 81.6, 44.5, 27.0, 25.1. HRMS
(ESI+): m/z caled for C2oH23CIN7O7S [M+H]": 540.1063, Found 540.1055.

5’-deoxy-5-N-(3-cyano-4-fluorobenzenesulfonyl)-2",3 -isopropylidene-N6-methyladenosine
(44).

Following method B with 39 (500 mg, 1.56 mmol, 1.00 eq) and 3-cyano-4-
fluorobenzenesulfonyl chloride (428 mg, 1.95 mmol, 1.25 eq), 44 was obtained as a white foam
(712 mg, 90%). Ry 0.57 (1:1 acetone/CH>Cl,). 'H-NMR (600 MHz, DMSO-ds) & 8.36 (t, J =
5.6 Hz, 1H) ; 8.25 (s, 1H) ; 8.21 (dd, J=5.9, 2.4 Hz, 2H) ; 8.02 (ddd, J = 8.9, 4.9, 2.4 Hz, 1H)
; 7.84 (br. s, 1H) ; 7.59 (t,J=8.9 Hz, 1H) ; 6.12 (d, J= 2.7 Hz, 1H) ; 5.34 (dd, /= 6.3, 2.7 Hz,
1H);4.91 (dd,J=6.2,2.9 Hz, 1H) ; 4.16 (td, J= 6.5, 3.1 Hz, 1H) ; 3.22 — 3.12 (m, 2H) ; 2.96
(s, 3H) ; 1.51 (s, 3H) ; 1.29 (s, 3H). *C-NMR (150 MHz, DMSO-ds) § 165.0, 163.2, 155.0,
152.6,147.3,139.9, 137.8, 134.2, 132.0, 119.8, 117.7, 117.6, 113.5, 112.8, 101.4, 101.3, 89.4,
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84.4, 82.9, 81.6, 44.5, 26.9, 25.1. HRMS (ESI+): m/z calcd for C21H23FN70sS [M+H]™
504.1460, Found 504.1454.

5’-deoxy-5"-N-(methyl)-(4-bromo-3-nitrobenzenesulfonyl)-2’, 3 -isopropylidene-7-
phenylethynyl-7-deazaadenosine (57).

Following method B with 55 (75 mg, 0.18 mmol, 1.00 eq) and 4-bromo-3-nitrobenzenesulfonyl
chloride (67 mg, 0.22 mmol, 1.25 eq), 57 was obtained as an off-white solid (70 mg, 57%). Ry
0.68 (1:9 MeOH/CH,Cl,). '"H-NMR (500 MHz, DMSO-ds) § 8.33 (d,J=2.2 Hz, 1H); 8.18
(s, 1H); 8.03(d,J=8.3 Hz, 1H); 7.86 (s, 1H) ; 7.84 (dd, J = 8.4, 2.2 Hz, 1H) ; 7.61 — 7.56 (m,
2H); 7.47 -7.37 (m, 3H) ; 6.20 (d, ] =2.7 Hz, 1H) ; 5.29 (dd, ] = 6.5, 2.7 Hz, 1H) ; 4.98 (dd,
J=6.5,39Hz 1H);4.26 —4.20 (m, 1H) ; 3.50 — 3.44 (m, 1H) ; 3.31 (dd, J = 14.3, 7.6 Hz, 1H)
; 2.72 (s, 3H) ; 1.53 (s, 3H) ; 1.31 (s, 3H). 3*C-NMR (125 MHz, DMSO-ds) & 157.7, 153.2,
149.9,149.4, 138.0, 136.1, 131.5, 131.2, 128.8, 128.7, 127.8, 124.0, 122.4, 118.4, 113.9, 102.2,
95.4, 91.5, 88.8, 83.6, 83.4, 82.6, 81.6, 51.5, 35.9, 27.0, 25.2. HRMS (ESI+): m/z calcd for
C29oH2sBrNgO7S [M+H]": 683.0918, Found 683.0921.

5’-deoxy-5"-N-(methyl)-(4-methyl-3-nitrobenzenesulfonyl)-2’,3 -isopropylidene-7-
phenylethynyl-7-deazaadenosine (58).

Following method B with 55 (55 mg, 0.12 mmol, 1.00 eq) and 4-methyl-3-nitrobenzenesulfonyl
chloride (39 mg, 0.14 mmol, 1.25 eq), 58 was obtained as an off-white solid (77 mg, 95%). Ry
0.74 (1:9 MeOH/CH,Cl,). '"H-NMR (600 MHz, DMSO-ds) § 8.23 (d, ] =2.1 Hz, 1H) ; 8.18 (s,
1H) ; 7.90 (dd, J = 8.0, 2.0 Hz, 1H) ; 7.87 (s, 1H) ; 7.65 (d, J = 8.2 Hz, 1H) ; 7.61 — 7.57 (m,
2H) ; 7.47 - 7.37 (m, 3H) ; 6.20 (d, ] = 2.7 Hz, 1H) ; 5.30 (dd, J = 6.6, 2.8 Hz, 1H) ; 5.00 (dd,
J=6.5,3.8Hz, 1H) ; 4.26 —4.21 (m, 1H) ; 3.46 (dd, ] = 14.2, 5.4 Hz, 1H) ; 3.24 (dd, J = 14.2,
7.5 Hz, 1H) ; 2.70 (s, 3H) ; 2.55 (s, 1H) ; 1.53 (s, 3H) ; 1.32 (s, 3H). *C-NMR (150 MHz,
DMSO-ds) 6 157.7, 153.1, 149.3, 148.9, 137.9, 136.1, 134.1, 131.2, 131.0, 128.7, 128.6, 127.8,
123.1, 122.4,113.8, 102.1, 95.3, 91.3, 88.8, 83.5, 83.4, 82.6, 81.6, 51.4, 35.8, 27.0, 25.2, 19.5.
HRMS (ESI+): m/z caled for C30H31NsO7S [M+H]": 619.1970, Found 619.1974.

5’-deoxy-5"-N-(methyl)-(3-chloro-4-methylbenzenesulfonyl)-2’,3 -isopropylidene-7-
phenylethynyl-7-deazaadenosine (59).

Following method B with 55 (50 mg, 0.12 mmol, 1.00 eq) and 3-chloro-4-
methylbenzenesulfonyl chloride (34 mg, 0.15 mmol, 1.25 eq), S9 was obtained as an off-white
solid (50 mg, 68%). Ry 0.76 (1:9 MeOH/CH>Cl,). 'H-NMR (600 MHz, DMSO-ds) § 8.19 (s,
1H); 7.88 (s, IH) ; 7.70 (d, J = 1.8 Hz, 1H) ; 7.61 — 7.55 (m, 3H) ; 7.53 (d, J = 8.1 Hz, 1H) ;
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7.46 —7.37 (m, 3H) ; 6.21 (d,J=2.6 Hz, 1H) ; 5.33 (dd, ] = 6.5,2.7 Hz, 1H) ; 5.02 (dd, J = 6.5,
3.7Hz, 1H) ; 4.25 - 4.20 (m, 1H) ; 3.42 (dd, J = 14.1, 5.8 Hz, 1H) ; 3.19 — 3.09 (m, 1H) ; 2.66
(s, 3H) ; 2.37 (s, 1H) ; 1.53 (s, 3H) ; 1.32 (s, 3H). 3C-NMR (150 MHz, DMSO-ds) & 157.7,
153.1,149.4, 141.2, 136.1, 134.1, 132.1, 131.1, 128.7, 128.6, 127.8, 127.0, 125.8, 122.4, 113.6,
102.1, 95.3, 91.3, 88.9, 83.5, 83.4, 82.6, 81.7, 51.4, 35.9, 26.9, 25.2, 19.7. HRMS (ESI+): m/z
calcd for C30H31CINsOsS [M+H]": 608.1729, Found 608.1721.

5’-deoxy-5"-N-(methyl)-(4-methoxy-3-nitrobenzenesulfonyl)-2’,3 -isopropylidene-7-
phenylethynyl-7-deazaadenosine (60).

Following method B with 55 (55 mg, 0.12 mmol, 1.00 eq) and 4-methoxy-3-
nitrobenzenesulfonyl chloride (35 mg, 0.14 mmol, 1.25 eq), 60 was obtained as an off-white
solid (50 mg, 62%). Ry 0.51 (1:9 MeOH/CH,Cl>). 'H-NMR (600 MHz, DMSO-ds) § 8.22 (d, J
=2.4Hz, 1H) ; 8.19 (s, 1H) ; 7.98 — 7.93 (m, 1H) ; 7.88 (s, 1H) ; 7.61 — 7.56 (m, 2H) ; 7.48 (d,
J=9.0Hz, 1H); 7.46 —7.39 (m, 3H) ; 6.22(d,J=2.6 Hz, 1H) ; 5.31 (dd, J=6.5, 2.7 Hz, 1H)
;5.00 (dd, J=6.5,3.8 Hz, 1H) ; 427 —4.21 (m, 1H) ; 3.99 (s, 1H) ; 3.44 (dd, J = 14.1, 5.6 Hz,
1H) ; 3.20 (dd, J = 14.1, 7.3 Hz, 1H) ; 2.67 (s, 3H) ; 1.53 (s, 3H) ; 1.32 (s, 3H). 3C-NMR (150
MHz, DMSO-ds) 6 157.7, 154.9, 153.1, 149.3, 138.9, 133.0, 131.2, 128.7, 128.6, 127.8, 124.3,
122.4,115.2,113.7, 102.1, 95.3, 91.3, 88.8, 83.6, 83.4, 82.6, 81.6, 57.4, 51.4, 36.0, 27.0, 25.2.
HRMS (ESI+): m/z caled for C30H31NsOsS [M+H]": 635.1919, Found 635.1915.

5’-deoxy-5"-N-(methyl)-(3-cyano-4-fluorobenzenesulfonyl)-2’,3 -isopropylidene-7-
phenylethynyl-7-deazaadenosine (61).

Following method B with 55 (100 mg, 0.24 mmol, 1.00 eq) and 3-cyano-4-
fluorobenzenesulfonyl chloride (65 mg, 0.30 mmol, 1.25 eq), 61 was obtained as an off-white
solid (128 mg, 89%). Ry 0.54 (1:9 MeOH/CH,Cl>). 'H-NMR (500 MHz, DMSO-d5s) § 8.36 (dd,
J=5.9,2.4Hz, 1H); 8.19 (s, 1H) ; 8.08 (ddd, J =8.9,4.9, 2.4 Hz, 1H) ; 7.88 (s, 1H) ; 7.66 (t,
J=89Hz, 1H);7.61 -7.57 (m,2H) ; 7.47-7.37 (m, 3H) ; 6.21 (d,J =2.7 Hz, 1H) ; 5.31 (dd,
J=6.5,2.7Hz, 1H); 4.99 (dd, J = 6.5, 3.8 Hz, 1H) ; 4.26 — 4.20 (m, 1H) ; 3.45 (dd, J = 14.3,
5.3 Hz, 1H) ; 3.24 (dd, J = 14.3, 7.5 Hz, 1H) ; 2.69 (s, 3H) ; 1.53 (s, 3H) ; 1.32 (s, 3H). 13C-
NMR (125 MHz, DMSO-ds) 6 165.7, 163.6, 157.7, 153.2, 149.4, 135.0, 134.8, 134.7, 133.3,
131.2, 128.8, 128.7, 127.8, 122.4, 117.9, 117.8, 113.8, 112.8, 102.1, 101.9, 101.8, 95.4, 91 4,
88.7, 83.5, 82.6, 81.5, 51.4, 36.0, 27.0, 25.2. HRMS (ESI+): m/z caled for C3oH28FNgOsS
[M+H]": 603.1820, Found 603.1814.
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5’-deoxy-5’-N-(methyl)-(3-nitro-4-bromobenzenesulfonyl)-2’, 3 -isopropylidene-7-(quinolin-3-
ethynyl)-7-deazaadenosine (62).

Following method A with 56 (55 mg, 0.12 mmol, 1.00 eq) and 3-nitro-4-bromobenzenesulfonyl
chloride (44 mg, 0.15 mmol, 1.25 eq), 62 was obtained as an off-white solid (75 mg, 87%). Ry
0.54 (1:9 MeOH/CH,Clz). 'TH-NMR (600 MHz, DMSO-ds) § 9.04 (d, J = 2.1 Hz, 1H) ; 8.65
(dd, J=2.1,0.8 Hz, 1H) ; 8.35 (d, J = 2.1 Hz, 1H) ; 8.20 (s, 1H) ; 8.06 (s, 1H) ; 8.04 (s, IH) ;
8.01 (dd, J=8.2, 1.5 Hz, 1H) ; 7.96 (s, 1H) ; 7.85 (dd, J = 8.4, 2.2 Hz, 1H) ; 7.81 (ddd, J = 8.3,
6.9, 1.4 Hz, 1H) ; 7.68 (ddd, J = 8.1, 6.8, 1.2 Hz, 1H) ; 6.24 (d, J = 2.6 Hz, 1H) ; 5.32 (dd, J =
6.5,2.7 Hz, 1H) ; 5.00 (dd, J = 6.5, 3.9 Hz, 1H) ; 4.25 (ddd, ] = 7.6, 5.4, 4.0 Hz, 1H) ; 3.53 —
3.46 (m, 2H) ; 2.73 (s, 1H) ; 1.54 (s, 3H) ; 1.33 (s, 3H). *C-NMR (150 MHz, DMSO-ds) &
157.7,153.2,151.6, 149.8, 149.4, 146. 2, 138.0, 136.0, 131.4, 130.4, 128.8, 128.5, 128.0, 127.5,
126.9, 125.9, 123.9, 118.4, 116.8, 113.8, 102.0, 95.0, 88.9, 88.8, 85.6, 83.5, 81.5, 51.4, 35.9,
26.9, 25.2. HRMS (ESI+): m/z caled for C32H2sBrN7O7S [M+H]™: 734.1027, Found 734.1039.

5’-deoxy-5"-N-(methyl)-(3-nitro-4-methylbenzenesulfonyl)-2’,3 -isopropylidene-7-(quinolin-
3-ethynyl)-7-deazaadenosine (63).

Following method A with 56 (40 mg, 0.08 mmol, 1.00 eq) and 3-nitro-4-methylbenzenesulfonyl
chloride (25 mg, 0.11 mmol, 1.25 eq), 63 was obtained as an off-white solid (40 mg, 70%). Ry
0.51 (1:9 MeOH/CH,Cly). 'H-NMR (600 MHz, DMSO-ds) § 9.04 (d, J = 2.1 Hz, 1H) ; 8.65
(dd,J=2.2,0.7Hz, 1H) ; 8.23 (d, ] =2.0 Hz, 1H) ; 8.20 (s, 1H) ; 8.05 (dd, J = 8.3, 1.0 Hz, 1H)
; 8.01 (dd, J =8.2, 1.4 Hz, 1H) ; 7.96 (s, 1H) ; 7.91 (dd, J = 8.1, 2.0 Hz, 1H) ; 7.81 (ddd, J =
8.4,6.9,1.4Hz, 1H);7.71 —7.63 (m, 2H) ; 6.23 (d, ] =2.7 Hz, 1H) ; 5.32 (dd, ] = 6.5, 2.7 Hz,
1H) ; 5.02 (dd, J = 6.5, 3.8 Hz, 1H) ; 4.25 (ddd, J = 7.4, 5.3, 3.7 Hz, 1H) ; 3.52 — 3.45 (m, 1H)
;3.31 =3.23 (m, 1H) ; 2.72 (s, 1H) ; 2.55 (s, 1H) ; 1.54 (s, 3H) ; 1.33 (s, 3H). *C-NMR (150
MHz, DMSO-ds) 6 157.7, 153.2, 151.6, 149.4, 148.9, 146.2, 138.0, 137.9, 136.2, 134.1, 131.0,
130.4, 128.8, 128.6, 128.0, 127.5, 126.9, 123.0, 116.8, 113.7, 102.0, 94.9, 88.9, 88.8, 85.7, 83.5,
81.6, 51.4, 35.8, 26.9, 25.2, 19.5. HRMS (ESI+): m/z calcd for C33H3:N;07S [M+H]":
670.2078, Found 670.2089.

5’-deoxy-5’-N-(methyl)-3-chloro-4-methylbenzenesulfonyl)-2",3 -isopropylidene-7-(quinolin-

3-ethynyl)-7-deazaadenosine (64).

Following method A with 56 (55 mg, 0.12 mmol, 1.00 eq) and 3-chloro-4-

methylbenzenesulfonyl chloride (33 mg, 0.15 mmol, 1.25 eq), 64 was obtained as an off-white

solid (55 mg, 71%). Ry 0.70 (1:9 MeOH/CH,Cl>). 'H-NMR (600 MHz, DMSO-ds) § 9.04 (d, J

=2.3 Hz, 1H) ; 8.65 (d, J = 2.1 Hz, 1H) ; 8.21 (s, 1H) ; 8.05 (d, ] = 8.5 Hz, 1H) ; 8.01 (dd, J =
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8.3, 1.3 Hz, 1H); 7.97 (s, 1H) ; 7.81 (ddd, J = 8.4, 6.9, 1.5 Hz, 1H) ; 7.71 (d, J = 1.8 Hz, 1H);
7.70 — 7.64 (m, 1H) ; 7.58 (dd, J = 8.0, 1.9 Hz, 1H) ; 7.54 (d, ] = 8.1 Hz, 1H) ; 6.24 (d,J = 2.6
Hz, 1H) ; 5.35 (dd, ] = 6.5, 2.6 Hz, 1H) ; 5.04 (dd, ] = 6.5, 3.7 Hz, 1H) ; 4.24 (ddd, T=7.3, 5.8,
3.7 Hz, 1H) ; 3.44 (dd, J = 14.1, 5.8 Hz, 1H) ; 3.16 (dd, J = 14.1, 7.2 Hz, 1H) ; 2.67 (s, 1H) ;
2.38 (s, 1H) ; 1.54 (s, 3H) ; 1.33 (s, 3H). '*C-NMR (150 MHz, DMSO-ds) 5 157.7, 153.1, 151.6,
149.5, 146.2, 141.2, 138.0, 136.2, 134.1, 132.1, 130.4, 128.8, 128.6, 128.0, 127.5, 127.0, 126.9,
125.8, 116.8, 113.7, 102.0, 95.0, 89.0, 88.8, 85.8, 83.6, 83.4, 81.7, 51.4, 35.9, 26.9, 25.2, 19.7.
HRMS (ESI+): m/z caled for Ca3Hz,CINGOsS [M+H]*: 659.1838, Found 659.1834.

5’-deoxy-5’-N-(methyl)-(3-nitro-4-methoxybenzenesulfonyl)-2’, 3 ’-isopropylidene-7-(quinolin-
3-ethynyl)-7-deazaadenosine (65).

Following method A with 56 (55 mg, 0.12 mmol, 1.00 eq) and 4-methoxy-3-
nitrobenzenesulfonyl chloride (35 mg, 0.14 mmol, 1.25 eq), 65 was obtained as an off-white
solid (69 mg, 86%). Ry 0.51 (1:9 MeOH/CH,Cl»). 'H-NMR (600 MHz, DMSO-ds) § 9.04 (d, J
=2.1Hz, 1H); 8.64 (dd,J=2.1,0.8 Hz, 1H) ; 8.22 (d, J =2.4 Hz, 1H) ; 8.20 (s, 1H) ; 8.05 (dd,
J=8.3,1.0Hz, 1H); 8.01 (dd, J =8.2, 1.4 Hz, 1H) ; 7.99 — 7.93 (m, 2H) ; 7.81 (ddd, J = 8.3,
6.9, 1.5 Hz, 1H) ; 7.67 (ddd, J = 8.1, 6.8, 1.2 Hz, 1H) ; 7.48 (d, ] = 9.1 Hz, 1H) ; 6.24 (d, ] =
2.7Hz, 1H) ; 5.34 (dd, J = 6.6, 2.7 Hz, 1H) ; 5.02 (dd, ] = 6.5, 3.8 Hz, 1H) ; 4.25 (ddd, ] = 7.3,
5.5,3.7Hz, 1H) ; 3.99 (s, 3H) ; 3.46 (dd, J = 14.1, 5.6 Hz, 1H) ; 3.22 (dd, J = 14.1, 7.3 Hz, 1H)
; 2.68 (s, 1H) ; 1.54 (s, 3H) ; 1.33 (s, 3H). 3*C-NMR (150 MHz, DMSO-ds) & 157.4, 154.6,
152.9,151.4,149.2,145.9,138.6, 137.7, 132.7, 130.1, 128.6, 128.4, 128.3, 127.7, 127.2, 126.6,
124.0,116.5,114.9,113.5,101.7,94.7, 88.7, 88.6, 85.5, 83.3, 83.2, 81.4,57.1, 51.1, 35.7, 26.7,
24.9. HRMS (ESI+): m/z caled for C33H32N70sS [M+H]": 686.2028, Found 686.2031.

5’-deoxy-5"-N-(methyl)-(3-cyano-4-fluorobenzenesulfonyl)-2’, 3 -isopropylidene-7-(quinolin-
3-ethynyl)-7-deazaadenosine (66).
Following method A with 56 (103 mg, 0.22 mmol, 1.00 eq) and 3-cyano-4-
fluorobenzenesulfonyl chloride (60 mg, 0.27 mmol, 1.25 eq), 66 was obtained as an off-white
solid (130 mg, 91%). Ry 0.62 (1:9 MeOH/CH>Cl,). 'H-NMR (600 MHz, DMSO-ds) § 9.04 (d,
J=2.1Hz, 1H); 8.64 (d,J=2.3 Hz, 1H) ; 8.36 (dd, J = 5.9, 2.4 Hz, 1H) ; 8.21 (s, 1H) ; 8.09
(ddd, J=9.0,4.9, 2.4 Hz, 1H) ; 8.05 (d, J = 8.5 Hz, 1H) ; 8.01 (dd, J = 8.3, 1.5 Hz, 1H) ; 7.96
(s, 1H) ; 7.81 (ddd, J = 8.4, 6.9, 1.6 Hz, 1H) ; 7.72 — 7.63 (m, 2H) ; 6.24 (d, ] = 2.6 Hz, 1H) ;
5.33(dd, J=6.5,2.7Hz, 1H); 5.00 (dd, J = 6.5, 3.8 Hz, 1H) ; 4.25 (ddd, ] = 7.5, 5.3, 3.9 Hz,
1H) ; 3.52 —3.44 (m, 1H) ; 3.31-3.24 (m, 1H) ; 2.71 (s, 3H) ; 1.55 (s, 3H) ; 1.33 (s, 3H). '*C-
NMR (150 MHz, DMSO-ds) 6 165.4, 163.7, 157.6, 153.1, 151.6, 149.4, 146. 2, 138.0, 134.9,
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134.8,134.7,133.3, 130.4, 128.8, 128.5, 128.0, 127.5, 126.9, 118.4,117.9,117.7, 116.8, 113.8,
112.7,102.0, 95.0, 88.9, 88.8, 85.7, 83.5, 81.5,51.4,35.9,27.0,25.2. HRMS (ESI+): m/z calcd
for C33H20FN70sS [M+H]": 654.1929, Found 654.1934.

General method C for the synthesis of compounds 45, 46, 67 and 68. A solution of 0.5 M
MeONa in MeOH (5.00 eq) was added to a solution of intermediate compounds 43, 44, 61, 66
(1.00 eq) in MeOH (C = 0.2 M) under argon. The reaction mixture was stirred and heated at 50
°C until completion of the reaction. The crude was diluted with AcOEt and neutralized with a
saturated NH4Cl solution. The aqueous layer was extracted with AcOEt and the combined
organic extracts were washed with brine, dried over Na;SO4 and concentrated in vacuo. The
residue was purified by flash column chromatography (liquid sample, silica gel, linear gradient

0-5% MeOH in AcOEt) to give the desired compound as a solid.

5’-deoxy-5"-N-(3-nitro -4-methoxybenzenesulfonyl)-2’,3 -isopropylidene-N6-methyladenosine
(45).

Following method C with 43 (376 mg, 0.69 mmol, 1.00 eq), 45 was obtained as an off-white
solid (256 mg, 68%). Ry 0.40 (1:9 MeOH/AcOEt). 'H-NMR (500 MHz, DMSO-d) & 8.29 (br.
s, IH) ; 8.26 (s, 1H) ; 8.21 (s, 1H) ; 8.19 (d, /= 2.3 Hz, 1H) ; 7.91 (dd, /= 9.0, 2.3 Hz, 1H) ;
7.87 (br. s, 1H) ; 7.44 (d, J=9.0 Hz, 1H) ; 6.12 (d, /= 2.8 Hz, 1H) ; 5.34 (dd, /= 6.2, 2.8 Hz,
1H) ;491 (dd, J=6.2,2.9 Hz, 1H) ; 4.17 (td, J=6.1,2.9 Hz, 1H) ; 3.98 (s, 1H) ; 3.17 — 3.07
(m, 2H) ; 2.95 (s, 3H) ; 1.51 (s, 3H) ; 1.28 (s, 3H). 3*C-NMR (125 MHz, DMSO-ds) & 155.1,
154.8, 152.7, 147.4, 139.9, 138.4, 132.5, 132.0, 123.9, 119.8, 115.2, 113.5, 89.4, 84.4, §83.0,
81.6, 57.4,44.5,27.0, 25.1. HRMS (ESI+): m/z calcd for C21H26CIN7OsS [M+H]": 536.1558,
Found 536.1568.

5’-deoxy-5’-N-(3-cyano-4-methoxybenzenesulfonyl)-2’,3 -isopropylidene-N6-
methyladenosine (46).

Following method C with 44 (600 mg, 1.19 mmol, 1.00 eq), 46 was obtained as an off-white
solid (590 mg, 96%). Ry 0.41 (1:9 MeOH/AcOEt). 'H-NMR (600 MHz, DMSO-ds) & 8.26 (s,
1H); 8.21 (s, 1H) ; 8.18 (t,J=6.1 Hz, 1H) ; 8.01 (d,/=2.3 Hz, 1H) ; 7.92 (dd, /=9.0, 2.4 Hz,
1H); 7.84 (br.s, 1H); 7.31 (d,J=9.1 Hz, 1H) ; 6.12 (d, /=29 Hz, 1H) ; 5.34 (dd, /= 6.4, 2.8
Hz, 1H) ; 4.90 (dd, /= 6.4,2.9 Hz, 1H) ; 4.16 (td, J=5.8, 2.9 Hz, 1H) ; 3.97 (s, 3H) ; 3.16 —
3.07 (m, 2H) ; 2.96 (s, 3H) ; 1.51 (s, 3H) ; 1.29 (s, 3H). 3C-NMR (150 MHz, DMSO-ds) &
163.3, 155.0, 152.6, 147.4, 139.9, 133.3, 132.8, 132.2, 119.8, 115.1, 113.4, 112.9, 100.9, 89.4,
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84.4, 82.9, 81.6, 57.1, 44.4, 26.9, 25.1. HRMS (ESI+): m/z calcd for C22H26N706S [M+H]":
516.1660, Found 516.1660.

5’-deoxy-5"-N-(methyl)-(3-cyano-4-methoxybenzenesulfonyl)-2’, 3 -isopropylidene-7-
phenylethynyl-7-deazaadenosine (67).

Following method C with 61 (128 mg, 0.21 mmol, 1.00 eq), 67 was obtained as an off-white
solid (95 mg, 73%). Ry 0.58 (1:9 MeOH/AcOEt). 'H-NMR (500 MHz, DMSO-ds) & 8.19 (s,
1H) ; 8.13 (d, J=2.4 Hz, 1H) ; 7.96 (dd, J = 8.9, 2.4 Hz, 1H) ; 7.89 (s, 1H) ; 7.62 — 7.56 (m,
2H); 7.47—7.37 (m, 3H) ; 7.36 (t,J =9.1 Hz, 1H) ; 6.22 (d, ] =2.7 Hz, 1H) ; 5.32 (dd, ] = 6.5,
2.7 Hz, 1H) ; 5.00 (dd, J = 6.5, 3.7 Hz, 1H) ; 4.26 — 4.20 (m, 1H) ; 3.98 (s, 1H) ; 3.41 (dd, J =
14.1, 5.6 Hz, 1H) ; 3.15 (dd, J = 14.5, 7.6 Hz, 1H) ; 2.64 (s, 3H) ; 1.53 (s, 3H) ; 1.32 (s, 3H).
BC-NMR (125 MHz, DMSO-de) & 163.7, 157.7, 153.2, 149.4, 134.2, 133.0, 131.2, 129.4,
128.8, 128.7,127.8,122.4,115.0, 113.7, 113.1, 102.1, 101.4, 95.4,91.4, 88.8, 83.6, 83.4, 82.6,
81.6, 57.2, 51.4, 36.0, 27.0, 25.2. HRMS (ESI+): m/z calcd for C31H31N6OsS [M+H]":
615.2020, Found 615.2015.

5’-deoxy-5"-N-(methyl)-(3-cyano-4-methoxybenzenesulfonyl)-2’, 3 -isopropylidene-7-
(quinolin-3-ethynyl)-7-deazaadenosine (68).

Following method C with 66 (130 mg, 0.20 mmol, 1.00 eq), 68 was obtained as an off-white
solid (110 mg, 83%). Ry 0.53 (1:9 MeOH/AcOEt). 'H-NMR (600 MHz, DMSO-ds) § 9.04 (d,
J=2.1Hz, 1H); 8.64 (d,J =2.3 Hz, 1H) ; 8.21 (s, 1H) ; 8.12(d,J =2.4 Hz, 1H) ; 8.05 (d, ] =
8.5 Hz, 1H) ; 8.01 (dd, J = 8.6, 1.4 Hz, 1H) ; 7.99 — 7.93 (m, 2H) ; 7.81 (ddd, ] = 8.3, 6.9, 1.5
Hz, 1H) ; 7.67 (ddd, J = 8.2, 6.8, 1.2 Hz, 1H) ; 7.36 (d, J = 9.1 Hz, 1H) ; 6.25 (d, ] = 2.7 Hz,
1H); 5.34 (dd, J =6.5,2.7 Hz, IH) ; 5.02 (dd, J = 6.4, 3.8 Hz, 1H) ; 4.24 (ddd, J =7.3, 5.5, 3.7
Hz, 1H) ; 3.98 (s, 3H) ; 3.44 (dd, J = 14.1, 5.5 Hz, 1H) ; 3.19 (dd, J = 14.1, 7.3 Hz, 1H) ; 2.66
(s, 1H) ; 1.55 (s, 3H) ; 1.34 (s, 3H). 3*C-NMR (150 MHz, DMSO-ds) § 163.7, 157.6, 153.1,
151.6,149.5,146.2, 138.0, 134.1, 132.9, 130.4, 129.5, 128.8, 128.5, 128.0, 127.5, 126.8, 116.8,
115.0,113.7,113.0, 102.0, 101.3, 95.0, 88.9, 88.8, 85.7, 83.6, 83.4, 81.6, 57.1, 51.4, 35.9, 26.9,
25.2. HRMS (ESI+): m/z caled for C34H32N706S [M+H]": 666.2129, Found 666.2141.

General method D for the synthesis of compounds 47-51. A suspension of compounds 40—
42, 45, 46 (1.00 eq), ethyl p-toluenesulfonate (1.50 eq), KI (0.10 eq) and KoCO3 (3.00 eq) in
anhydrous DMF (C = 0.1 M) was stirred under argon at 50 °C for 16 h. After cooling to room
temperature, the reaction mixture was diluted with AcOEt and water. The organic layer was

washed with 1M NaOH solution, then the aqueous layer was extracted with AcOEt and the
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combined organic extracts were washed with a 2M LiCl solution then brine, dried over Na>SO4
and concentrated in vacuo. The residue was purified by column chromatography (liquid deposit,

silica gel, linear gradient 1-3% MeOH in CH:2Cl») to give the desired compound as a foam.

5’-deoxy-5’-N-(ethyl)-(3-nitro-4-bromobenzenesulfonyl)-2’, 3 -isopropylidene-N6-
methyladenosine (47).

Following method D with 40 (200 mg, 0.34 mmol, 1.00 eq), 47 was obtained as a white foam
(129 mg, 62%). R;0.71 (1:9 MeOH/CH>Cl,). '"H-NMR (600 MHz, DMSO-ds) & 8.34 (d, J =
2.3,1H); 8.29 (s, 1H) ; 8.26 (s, 1H) ; 8.00 (d, /= 8.4, 1H) ; 7.82 (dd, J=8.4,2.2 Hz, 1H) ; 7.81
(br.s, 1H); 6.20 (d,/J=2.1 Hz, 1H) ; 5.45 (dd, /= 6.3, 2.1 Hz, 1H) ; 5.04 (dd, J= 6.3, 3.2 Hz,
1H) ; 4.32 - 4.29 (m, 1H) ; 3.63 (dd, J = 14.8, 5.2 Hz, 1H) ; 3.40 (dd, J = 14.9, 8.4 Hz, 1H) ;
3.16 — 3.10 (m, 2H) ; 2.95 (s, 3H) ; 1.52 (s, 3H) ; 1.32 (s, 3H) ; 0.84 (t, J = 7.1 Hz, 3H). 13C-
NMR (150 MHz, DMSO-ds) 6 155.0, 152.7, 149.8.7, 147.5, 140.0, 135.9, 131.1, 123.7, 119.7,
118.0, 113.4, 89.2, 84.9, 83.2, 82.0, 48.9, 43.6, 26.9, 25.1, 13.3. HRMS (ESI+): m/z calcd for
C22H27BrN707S [M+H]": 612.0871, Found 612.0862.

5’-deoxy-5"-N-(ethyl)-(3-nitro-4-methylbenzenesulfonyl)-2’,3 -isopropylidene-N6-
methyladenosine (48).

Following method D with 41 (200 mg, 0.38 mmol, 1.00 eq), 48 was obtained as a white foam
(101 mg, 48%). R/0.62 (1:9 MeOH/CH>Cl,). 'H-NMR (600 MHz, DMSO-ds) & 8.28 (s, 1H) ;
8.25 (s, 1H) ; 8.21 (d, J=2.0, 1H) ; 7.87 (dd, J= 8.0, 2.0 Hz, 1H) ; 7.81 (br. s, 1H); 7.59 (d, J
=8.2,1H); 6.19 (d,J=2.1 Hz, 1H) ; 5.44 (dd, /= 6.2, 2.1 Hz, 1H) ; 5.05 (dd, /= 6.3, 3.2 Hz,
1H) ; 4.32 —4.29 (m, 1H) ; 3.61 (dd, J = 14.7, 5.1 Hz, 1H) ; 3.37 (dd, J = 14.7, 8.3 Hz, 1H) ;
3.16 —3.09 (m, 2H) ; 2.95 (s, 3H) ; 2.54 (s, 3H) ; 1.52 (s, 3H) ; 1.32 (s, 3H) ; 0.84 (t, J= 7.1
Hz, 3H). BC-NMR (150 MHz, DMSO-ds) & 155.0, 154.7, 152.7, 148.7, 147.5, 140.0, 138.4,
137.6, 133.9, 130.7, 122.7, 119.7, 113.4, 89.2, 84.9, 83.2, 82.0, 48.8, 43.3, 26.9, 25.1, 19.4,
13.3. HRMS (ESI+): m/z calcd for C23H3oN707S [M+H]": 548.1922, Found 548.1918.

5’-deoxy-5"-N-(ethyl)-(3-chloro-4-methylbenzenesulfonyl)-2’, 3 -isopropylidene-N6-
methyladenosine (49).

Following method D with 42 (250 mg, 0.49 mmol, 1.00 eq), 49 was obtained as a white foam
(211 mg, 80%). R70.63 (1:1 acetone/CH>Cl,). 'TH-NMR (500 MHz, DMSO-ds) 6 8.31 (s, 1H) ;
8.27 (s, 1H) ; 7.86 (br. s, 1H) ; 7.68 (d, J= 1.8 Hz, 1H) ; 7.55 (dd, /= 7.8, 1.8 Hz, 1H) ; 7.48
(d,J=7.8Hz, 1H); 6.20 (d, /= 1.9 Hz, 1H) ; 5.47 (dd, J=6.1, 1.9 Hz, 1H) ; 5.07 (dd, /= 6.1,
29 Hz, 1H);4.29 (ddd, J=8.2,5.5,3.3 Hz, 1H) ; 3.58 (dd, /= 14.6, 5.2 Hz, 1H) ; 3.27 (dd, J
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= 14.6,8.2 Hz, 1H) ; 3.10 — 3.05 (m, 2H) ; 2.94, (d, ] = 2.9 Hz, 3H) ; 2.36 (s, 3H) ; 1.52 (s, 3H)
:1.32 (s, 3H) ; 0.81 (t, J = 6.9 Hz, 3H). '3C-NMR (125 MHz, DMSO-de) § 156.1, 152.8, 147.6,
141.0, 140.2, 138.6, 134.0, 132.0, 126.8, 125.5, 119.8, 113.3, 89.3, 85.1, 83.2, 82.1, 48.8, 43.4,
26.9,25.2,19.7, 13.4. HRMS (ESI+): m/z calcd for C23H30CINGOsS [M+H]": 537.1681, Found
537.1684.

5’-deoxy-5"-N-(ethyl)-(4-methoxy-3-nitrobenzenesulfonyl)-2’, 3 -isopropylidene-N6-
methyladenosine (50).

Following method D with 45 (180 mg, 0.34 mmol, 1.00 eq), S0 was obtained as a white foam
(170 mg, 90%). Ry 0.38 (1:9 MeOH/CH,Cl,). 'H-NMR (600 MHz, DMSO-ds) & 8.30 (s, 1H) ;
8.26 (s, 1H) ; 8.20 (d, /= 2.4 Hz, 1H) ; 7.92 (dd, J = 8.8, 2.3 Hz, 1H) ; 7.83 (br. s, 2H) ; 7.42
(d,J=9.1Hz, 1H); 6.21 (d,J=2.1 Hz, 1H) ; 5.46 (dd, J=6.3, 2.1 Hz, 1H) ; 5.06 (dd, J= 6.4,
3.2 Hz, 1H) ; 4.32 — 4.29 (m, 1H) ; 3.99 (s, 3H) ; 3.59 (dd, /= 14.8, 5.2 Hz, 1H) ; 3.34 — 3.30
(m, 1H); 3.11 — 3.07 (m, 2H) ; 2.95 (s, 3H) ; 1.53 (s, 3H) ; 1.32 (s, 3H) ; 0.82 (t, /= 7.0 Hz,
3H). 3C-NMR (150 MHz, DMSO-ds) 5 155.0, 154.7, 152.8, 147.5, 140.1, 133.8, 132.7, 131.0,
124.0, 119.8, 115.1, 113.4, 89.2, 85.1, 83.2, 82.0, 57.4, 48.8, 43.4, 26.9, 25.1, 13.3. HRMS
(EST+): m/z caled for C23H30N706S [M+H]™: 564.1871, Found 564.1869.

5’-deoxy-5’-N-(ethyl)-(3-cyano-4-methoxybenzenesulfonyl)-2’, 3 -isopropylidene-N6-
methyladenosine (51).

Following method D with 46 (250 mg, 0.48 mmol, 1.00 eq), 51 was obtained as a white foam
(235 mg, 89%). R;0.63 (1:9 MeOH/CH>Cl,). '"H-NMR (500 MHz, DMSO-ds) & 8.31 (s, 1H) ;
8.26 (s, 1H) ; 8.10 (d, J=2.3 Hz, 1H) ; 7.93 (dd, J=9.0, 2.4 Hz, 1H) ; 7.86 (br. s, 2H) ; 7.29
(d,/=9.0Hz, 1H);6.21 (d,J=2.1 Hz, 1H) ; 5.46 (dd, J=6.3, 2.1 Hz, 1H) ; 5.06 (dd, /= 6.3,
29Hz, 1H);4.31 -4.28 (m, 1H) ; 3.98 (s, 3H) ; 3.58 (dd, /= 14.8, 5.4 Hz, 1H) ; 3.29 (dd, J =
14.8, 8.1 Hz, 1H); 3.13 - 3.03 (m, 2H) ; 2.94 (d, /= 3.2 Hz, 3H) ; 1.53 (s, 3H) ; 1.32 (s, 3H) ;
0.80 (t, J= 7.0 Hz, 3H). *C-NMR (125 MHz, DMSO-ds) § 163.5, 155.0, 152.8, 147.5, 140.3,
133.8, 132.7, 131.9, 119.8, 115.0, 113.4, 112.9, 101.2, 89.3, 85.2, 83.2, 82.0, 57.1, 48.8, 43 .4,
26.9, 25.2, 13.4. HRMS (ESI+): m/z caled for CasH30N706S [M+H]": 544.1973, Found
544.1965.

General method E for the synthesis of final compounds 1-6. Compounds 33—-38 were treated
with a formic acid/water solution (1/1 v:v, C=0.05 M). After stirring at 25 °C for 24—48 h until
completion of the reaction, solvents were removed in vacuo and the crude was co-evaporated

three times with absolute EtOH. The residues were purified by flash column chromatography
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(dry sample, silica gel, linear gradient 0—10% MeOH in CH>Cl,). Fractions containing the pure

products were concentrated and trituration in Et2O afforded the desired compounds as solids.

5’-deoxy-5"-N-(3-chloro-4-methylbenzenesulfonyl)inosine (1).

Following method E with 33 (121 mg, 0.24 mmol, 1.00 eq), 1 was obtained as an off-white
solid (80 mg, 72%). Ry 0.07 (1:9 MeOH/CHCl>). "H-NMR (600 MHz, DMSO-ds) § 12.40 (s,
1H) ; 8.27 (s, 1H) ; 8.01 (m, 2H) ; 7.76 (d, J = 1.9 Hz, 1H) ; 7.64 (dd, ] = 8.0, 1.9 Hz) ; 7.53 (d,
J=8.1Hz, 1H);5.82 (d,J =6.0 Hz, 1H) ; 5.54 (s, 1H) ; 5.33 (d, ] =4.9 Hz, 1H) ; 4.54 (q, ] =
5.1 Hz, 1H) ; 4.07 (q, J = 3.8 Hz, 1H) ; 3.95 - 3.89 (m, 1H) ; 3.18 — 3.09 (m, 1H) ; 3.07 — 3.00
(m, 1H) ; 2.38 (s, 1H). 3C-NMR (150 MHz, DMSO-ds) § 156.5, 148.1, 145.8, 140.5, 139.7,
139.3, 133.8, 131.9, 126.6, 125.2, 124.6, 87.5, 83.3, 73.1, 70.9, 44.8, 19.7. HRMS (ESI+): m/z
caled for Ci7H19CINsO7S [M+H]": 456.0739, Found 456.0737.

5’-deoxy-5’-N-(4-methoxy-3-nitrobenzenesulfonyl)inosine (2).

Following method E with 34 (123 mg, 0.24 mmol, 1.00 eq), 2 was obtained as an off-white
solid (72 mg, 63%). Ry 0.12 (1:9 MeOH/CHCl,). '"H-NMR (600 MHz, DMSO-ds) § 12.40 (s,
1H) ; 8.27 — 8.23 (m, 2H) ; 8.11 (br. s, 1H) ; 8.03 — 7.99 (m, 2H) ; 7.50 (d, J = 9.0 Hz, 1H) ;
5.81(d,J=6.0Hz, 1H);5.54 (d,J=6.1 Hz, 1H) ;532 (d,J =49 Hz, 1H);4.53 (q,J=5.5
Hz, 1H) ; 4.09 — 4.04 (m, 1H) ; 4.00 (s, 3H) ; 3.95 - 3.89 (m, 1H) ; 3.16 (dd, ] = 13.6, 4.5 Hz,
1H) ; 3.07 (dd, J = 13.6, 6.4 Hz, 1H). 3C-NMR (150 MHz, DMSO-ds) & 156.5, 154.7, 148.1,
145.8,139.2, 138.5,132.5,132.2, 124.6,123.9, 115.2, 87.5, 83.3, 73.1, 70.9, 57.4, 44.8. HRMS
(EST+): m/z caled for C17Hi19N6OoS [M+H]": 483.0929, Found 483.0931.

5’-deoxy-5’-N-(3-cyano-4-methoxybenzenesulfonyl)inosine (3).

Following method E with 35 (65 mg, 0.13 mmol, 1.00 eq), 3 was obtained as an off-white solid
(40 mg, 67%). Ry 0.08 (1:9 MeOH/CH,Cl,). 'H-NMR (500 MHz, DMSO-ds) § 12.39 (s, 1H) ;
8.24 (s, 1H) ; 8.09 — 7.97 (m, 4H) ; 7.37 (dd, ] = 9.0, 1.2 Hz, 1H) ; 5.81 (dd, ] = 6.1, 1.3 Hz,
1H) ; 4.52 (br. s, 1H) ; 4.05 (br. s, 1H) ; 3.99 (s, 3H) ; 3.92 (br. s, 1H) ; 3.18 — 3.02 (m, 2H).
BC-NMR (125 MHz, DMSO-de) & 163.2, 156.5, 148.1, 145.8, 139.1, 133.4, 133.0, 132.3,
124.6, 115.1, 112.9, 100.8, 87.5, 83.2, 73.1, 70.9, 57.1, 44.7. HRMS (ESI+): m/z calcd for
C1sH19N6O7S [M+H]": 463.1030, Found 463.1028.

5’-deoxy-5’-N-(ethyl)-(3-chloro-4-methylbenzenesulfonyl)inosine (4).
Following method E with 36 (174 mg, 0.33 mmol, 1.00 eq), 4 was obtained as an off-white
solid (112 mg, 70%). Ry 0.08 (1:9 MeOH/CH>Cl,). '"H-NMR (600 MHz, DMSO-ds) & 12.39 (s,
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1H) ; 8.33 (s, IH) ; 8.06 (s, 1H) ; 7.78 (d, J = 1.9 Hz, 1H) ; 7.66 (dd, J = 8.1, 2.0 Hz, 1H) ; 7.53
(d,J=8.1Hz, 1H);5.86 (d,J=5.7Hz, 1H) ; 5.57 (d,J =5.9 Hz, 1H) ; 5.39 (d, J = 5.0 Hz, 1H)
;4.62(q,J =49 Hz, 1H) ; 4.15 (p, ] =3.2 Hz, 1H) ; 4.05 (dt, J = 8.3, 4.2 Hz, 1H) ; 3.62 (dd, J
=14.8,4.6 Hz, 1H) ; 3.38 — 3.33 (m, 1H) ; 3.27 - 3.08 (m, 2H) ; 2.38 (s, 1H) ; 0.97 (t, ] = 7.0
Hz, 3H). *C-NMR (150 MHz, DMSO-ds) & 156.6, 148.2, 145.8, 140.9, 139.3, 138.8, 134.0,
132.0, 126.9, 125.6, 124.6, 87.7, 82.9, 72.9, 71.3, 49.7, 43.4, 19.7, 13.7. HRMS (ESI+): m/z
calcd for C19H23CINsO7S [M+H]": 484.1052, Found 484.1051.

5’-deoxy-5’-N-(ethyl)-(4-methoxy-3-nitrobenzenesulfonyl)inosine (5).

Following method E with 37 (32 mg, 0.06 mmol, 1.00 eq), 5 was obtained as an off-white solid
(21 mg, 71%). R; 0.10 (1:9 MeOH/CH,CL,). 'H-NMR (600 MHz, DMSO-ds) § 12.40 (s, 1H) ;
8.31 (s, 1H) ; 8.27 (d,J = 2.5 Hz, 1H) ; 8.08 — 8.00 (m, 2H) ; 7.47 (d,J =9.0 Hz, 1H) ; 5.85 (d,
J=5.8Hz, 1H); 5.58 (br. s, 1H) ; 5.39 (br. s, IH) ; 4.61 (br. s, 1H) ; 4.13 (br. s, 1H) ; 4.05 (dt,
J=8.3,43 Hz, 1H) ; 4.00 (s, 3H) ; 3.62 (dd, J = 14.8, 4.5 Hz, 1H) ; 3.37 (dd, ] = 14.9, 8.3 Hz,
1H);3.25(dq,J=14.2,7.1 Hz, 1H) ; 3.14 (dq, J = 14.2, 7.0 Hz, 1H) ; 0.98 (t, J = 7.1 Hz, 3H).
BC-NMR (150 MHz, DMSO-de) & 156.6, 154.7, 148.2, 145.9, 139.2, 138.8, 132.8, 131.2,
124.6, 124.0, 115.2, 87.6, 82.9, 72.9, 71.3, 57.4, 49.7, 43.5, 13.7. HRMS (ESI+): m/z calcd for
C19H23N6OoS [M+H]": 511.1242, Found 511.1235.

5’-deoxy-5"-N-(ethyl)-(3-cyano-4-methoxybenzenesulfonyl)inosine (6).

Following method E with 38 (60 mg, 0.11 mmol, 1.00 eq), 6 was obtained as an off-white solid
(40 mg, 67%). Ry 0.08 (1:9 MeOH/CHCl>). '"H-NMR (500 MHz, DMSO-ds) § 12.36 (s, 1H) ;
8.30 (s, 1H) ; 8.15 (s, 1H) ; 8.07 — 8.01 (m, 2H) ; 7.34 (dd, J =9.1, 1.4 Hz, 1H) ; 5.86 (dd, J =
5.7, 1.4 Hz, 1H) ; 5.54 (br. s, 1H) ; 5.34 (br. s, 1H) ; 4.59 (br. s, 1H) ; 4.13 (br. s, 1H) ; 4.08 -
4.02 (m, 1H) ; 3.99 (s, 3H) ; 3.64 — 3.55 (m, 1H) ; 3.40 — 3.32 (m, 1H) ; 3.27 - 3.08 (m, 2H);
0.98 (t, J = 7.1 Hz, 3H). >*C-NMR (125 MHz, DMSO-ds) § 163.4, 156.5, 148.2, 145.8, 139.1,
133.8, 132.7, 132.1, 124.5, 115.0, 112.9, 101.1, 87.6, 82.8, 72.9, 71.2, 57.1, 49.6, 43.3, 13.6.
HRMS (ESI+): m/z caled for C20H23N6O7S [M+H]™: 491.1343, Found 491.1341.

General method F for the synthesis of final compounds 7-26. Compounds 40—42, 45-51,
57-60, 62—65, 67, 68 were treated with a mixture of trifluoroacetic acid/water (8/2 v:v, C =
0.08 M). After stirring at 25 °C for 0.5 h, the solvents were removed in vacuo and the crudes
were co-evaporated three times with water and three times with MeOH. The residues were
dissolved in CH2Clo/MeOH, then 0.5 eq of NEt; was added before adding silica to prepare the
dry sample. Purification by column chromatography (silica gel, linear gradient 0-10% MeOH
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in CH2Cly) was performed. Fractions containing the pure products were concentrated and

trituration in Et2O afforded the desired compounds as solids.

5’-deoxy-5"-N-(3-nitro-4-bromobenzenesulfonyl)-N6-methyladenosine (7).

Following method F with 40 (205 mg, 0.35 mmol, 1.00 eq), 7 was obtained as a white powder
(55 mg, 29%). R;0.41 (1:9 MeOH/CH>Cl,). 'H-NMR (600 MHz, DMSO-ds) & 8.78 (br. s, 1H)
;8.36 (d,J=2.1 Hz, 1H) ; 8.26 (s, 1H) ; 8.22 (s, 1H) ; 8.03 (d, /= 8.3 Hz, 1H) ; 7.91 (dd, , J =
8.5,2.2 Hz, 1H) ; 7.81 (br. s, 1H) ; 5.82 (d, /= 6.3 Hz, 1H) ; 5.51 (d, /= 6.2 Hz, 1H) ; 5.32 (d,
J=4.7Hz, 1H);4.64 (q,,J=6.2 Hz, 1H) ; 4.09 —4.07 (m, 1H) ; 3.99 —3.97 (m, 1H) ; 3.21 (s,
2H) ; 2.96 (s, 3H). '*C-NMR (150 MHz, DMSO-ds) § 155.2, 152.4, 149.5, 147.9, 141.3, 140.0,
136.2, 131.0, 123.6, 120.0, 117.9, 88.1, 83.4, 72.6, 71.2, 44.9, 27.1. HRMS (ESI+): m/z calcd
for C17H19BrN70O7S [M+H]": 544.0245, Found 544.0249.

5’-deoxy-5’-N-(3-nitro-4-methylbenzenesulfonyl)-N6-methyladenosine (8).

Following method F with 41 (100 mg, 0.19 mmol, 1.00 eq), 8 was obtained as a white powder
(61 mg, 66%). Ry 0.45 (1:9 MeOH/CH,Cl,). 'H-NMR (600 MHz, DMSO-ds) & 8.61 (br. s, 1H)
;830 (d, J=1.9 Hz, 1H) ; 8.25 (s, 1H) ; 8.21 (s, 1H) ; 7.96 (dd, , /= 7.9, 1.9 Hz, 1H) ; 7.82
(br.s, 1H) ; 7.64 (d,J=8.1 Hz, 1H) ; 5.82 (d,/=6.2 Hz, 1H) ; 5.47 (d, /= 6.2 Hz, 1H) ; 5.29
(d,/=4.8Hz, 1H);4.65(q,,/=6.1 Hz, 1H) ; 4.10 - 4.08 (m, 1H) ; 3.99 — 3.96 (m, :H) ; 3.20
—3.14 (m, 2H) ; 2.96 (s, 3H) ; 2.55 (s, 3H). 3*C-NMR (150 MHz, DMSO-ds) § 155.1, 152.4,
148.5, 147.8, 140.0, 139.5, 137.5, 134.0, 130.5, 122.6, 120.0, 88.0, 83.3, 72.5, 71.1, 44.9, 26.9,
19.6. HRMS (ESI+): m/z calcd for C1sH22N707S [M+H]": 480.1296, Found 480.1292.

5’-deoxy-5’-N-(3-chloro-4-methylbenzenesulfonyl)-N6-methyladenosine (9).

Following method F with 42 (100 mg, 0.20 mmol, 1.00 eq), 9 was obtained as a white powder
(88 mg, 95%). Ry 0.36 (1:9 MeOH/CH,Cl,). 'H-NMR (600 MHz, DMSO-ds) & 8.45 (t,J=5.3
Hz, 1H) ; 8.28 (s, 1H) ; 8.22 (s, 1H) ; 7.84 (br. s, 1H) ; 7.75 (d, /= 1.8 Hz, 1H) ; 7.63 (dd, J =
8.0, 1.9 Hz, 1H) ; 7.53 (d,J=7.9 Hz, 1H) ; 5.83 (d, /= 6.4 Hz, 1H) ; 5.48 (d, /= 6.2 Hz, 1H)
;5.31(d,J=4.7Hz, 1H) ; 4.67 (q,J=5.6 Hz, 1H) ; 4.09 (q, J=4.7, 1H) ; 3.97 (q, J= 4.7, 1H)
; 3.14 — 3.06 (m, 2H) ; 2.96 (s, 3H) ; 2.38 (s, 3H). *C-NMR (125 MHz, DMSO-ds) § 155.1,
152.4,147.9, 140.6, 140.1, 139.6, 133.9, 132.1, 126.6, 125.2, 120.0, 88.0, 83.4, 72.5,71.1, 44.9,
27.0, 19.7. HRMS (ESI+): m/z caled for C1sH22CIN6OsS [M+H]": 469.1055, Found 469.1056.

5’-deoxy-5’-N-(3-nitro-4-methoxybenzenesulfonyl)-N6-methyladenosine (10).
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Following method F with 45 (410 mg, 0.76 mmol, 1.00 eq), 10 was obtained as a white foam
(before trituration) (345 mg, 91%). R;0.47 (1:9 MeOH/CHCl,). 'H-NMR (600 MHz, DMSO-
de) 0 8.52 (br. s, 1H) ; 8.27 (s, 1H) ; 8.25 (d, J = 2.4 Hz, 1H) ; 8.23 (br. s, 1H) ; 8.00 (dd, J =
8.9,2.3 Hz, 1H) ; 7.82 (br. s, 1H) ; 7.50 (d, J=9.0 Hz, 1H) ; 5.83 (d, /= 6.2 Hz, 1H) ; 5.48 (d,
J=6.1Hz, 1H);5.30(d,J=4.7Hz, 1H) ; 4.66 (q, ,J=5.9 Hz, 1H) ; 4.09 (td, ] =4.7, 3.1 Hz,
1H) ; 4.01 —3.96 (m, 4H) ; 3.17 —3.11 (m, 2H) ; 2.96 (br. s, 3H). 3*C-NMR (150 MHz, DMSO-
de) 6 155.1, 154.7, 152.4, 147.9, 140.0, 138.5, 132.4, 132.1, 123.8, 120.0, 115.3, 88.1, 83.3,
72.5, 71.1, 57.3, 44.8, 27.0. HRMS (ESI+): m/z calcd for CisH22N70sS [M+H]": 496.1245,
Found 496.1246.

5’-deoxy-5"-N-(3-cyano-4-methoxybenzenesulfonyl)-N6-methyladenosine (11).

Following method F with 46 (100 mg, 0.19 mmol, 1.00 eq), 11 was obtained as a white powder
(65 mg, 70%). R;0.20 (1:9 MeOH/CHCl,). 'H-NMR (600 MHz, DMSO-dc) & 8.44 (t, J = 5.4
Hz, 1H) ; 8.27 (s, 1H) ; 8.23 (s, 1H) ; 8.08 (t, /=2.4 Hz, 1H) ; 8.01 (dd, /=9.0, 2.4 Hz, 1H) ;
7.84 (br. s, 1H) ; 7.37 (d, J=9.0 Hz, 1H) ; 5.83 (d, /= 6.4 Hz, 1H) ; 5.48 (d, /= 6.3 Hz, 1H) ;
5.30(d,J=4.7Hz, 1H) ; 4.65(q,,J=6.1 Hz, 1H) ; 4.08 —4.06 (m, 1H) ; 3.99 — 3.9¢ (m, 1H)
:3.99 (s, 1H) ; 3.13 = 3.11 (m, 2H) ; 2.96 (s, 3H). >*C-NMR (150 MHz, DMSO-ds) & 163.3,
155.1, 152.4, 147.9, 140.1, 133.4, 132.9, 132.2, 120.0, 115.1, 113.1, 100.9, 88.0, 83.4, 72.5,
71.1, 57.1, 44.8, 27.0. HRMS (ESI+): m/z calcd for C19H22N706S [M+H]": 476.1360, Found
476.1356.

5’-deoxy-5’-N-(ethyl)-(3-nitro-4-bromobenzenesulfonyl)-N6-methyladenosine (12).

Following method F with 47 (123 mg, 0.20 mmol, 1.00 eq), 12 was obtained as a yellow oil
(104 mg, 84%). R70.42 (1:9 MeOH/CH,CL,). 'H-NMR (600 MHz, DMSO-ds) & 8.41 (d, J=2.2
Hz, 1H) ; 8.33 (s, 1H) ; 8.23 (br. s, 1H) ; 8.03 (d, J=8.5 Hz, 1H) ; 7.93 (dd, , /= 8.4, 2.3 Hz,
1H) ; 7.77 (br. s, 1H) ; 5.88 (d, /= 5.8 Hz, 1H) ; 5.53 (d, J= 6.1 Hz, 1H) ; 5.36 (d, J=5.1 Hz,
1H) ; 4.76(q, ,J = 5.7 Hz, 1H) ; 4.19 (q, ] = 4.9 Hz, 1H) ; 4.06 (dt, J = 8.2, 4.1 Hz, 1H) ; 3.69
(dd, J =15.0,4.5 Hz, 1H) ; 3.45 (dd, J = 14.8, 8.4 Hz, 1H) ; 3.28 (dq, J = 14.2, 7.0 Hz, 1H) ;
3.17 (dq, J = 14.1, 7.0 Hz, 1H) ; 2.95 (s, 3H) ; 0.98 (t, J = 7.0 Hz, 3H). *C-NMR (150 MHz,
DMSO-ds) 8 155.0, 152.6, 149.8, 148.3, 140.3, 139.9, 136.0, 131.2, 123.7, 119.8, 118.0, 87.9,
82.8,72.3,71.4,49.8,43.6,27.0, 13.8. HRMS (ESI+): m/z calcd for C19H23BrN707S [M+H]™:
572.0558, Found 572.0555.

5’-deoxy-5"-N-(ethyl)-(3-nitro-4-methylbenzenesulfonyl)-N6-methyladenosine (13).
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Following method F with 48 (101 mg, 0.18 mmol, 1.00 eq), 13 was obtained as a white solid
foam (80 mg, 86%). Ry0.27 (1:9 MeOH/CH>Cl,). 'H-NMR (600 MHz, DMSO-ds) & 8.31 (s,
1H) ; 8.29 (d, /= 2.0 Hz, 1H) ; 8.22 (br. s, 1H) ; 7.98 (dd, , J = 8.1, 2.0 Hz, 1H) ; 7.76 (br. s,
1H); 7.63 (d,J=8.2 Hz, 1H) ; 5.86 (d, /=5.8 Hz, 1H) ; 5.51 (d,J=6.1 Hz, 1H) ; 5.36 (d, J =
5.0Hz, 1H);4.76 (q, ,J=5.6 Hz, 1H) ; 4.20 (q, J =4.8 Hz, 1H) ; 4.06 (dt, ] = 8.3, 4.2 Hz, 1H)
;3.70 (dd, J = 14.8, 4.5 Hz, 1H) ; 3.40 (dd, J = 14.8, 8.4 Hz, 1H) ; 3.27 (dq, ] = 14.1, 7.2 Hz,
1H) ;3.16 (dq, J = 14.1, 7.0 Hz, 1H) ; 2.95 (s, 3H) ; 2.55 (s, 3H) ; 0.98 (t, ] = 7.1 Hz, 3H). *C-
NMR (150 MHz, DMSO-ds) 6 155.0, 152.6, 148.8, 148.2, 140.0, 138.6, 137.7, 134.0, 130.8,
122.8, 119.9, 87.9, 82.7, 72.3, 71.3, 49.6, 43.4, 27.0, 19.5, 13.7. HRMS (ESI+): m/z calcd for
C20H26N707S [M+H]": 508.1609, Found 508.1608.

5’-deoxy-5"-N-(ethyl)-(3-chloro-4-methylbenzenesulfonyl)-N6-methyladenosine (14).
Following method F with 49 (100 mg, 0.19 mmol, 1.00 eq), 14 was obtained as a white powder
(86 mg, 95%). R;0.45 (1:9 MeOH/CH,CL). 'H-NMR (500 MHz, DMSO-ds) & 8.35 (s, 1H) ;
8.24 (s, 1H) ; 7.80 (br. s, 1H) ; 7.78 (d, J= 1.9 Hz, 1H) ; 7.66 (dd, J = 8.0, 1.9 Hz, 1H) ; 7.53
(d, /J=8.0Hz, 1H) ; 5.88 (d, /=59 Hz, 1H) ; 5.47 (dd, J= 6.1, 1.9 Hz, 1H) ; 5.53 (d, J=6.2
Hz, 1H); 5.31 (d,/J=4.9 Hz, 1H) ; 4.83 —4.79 (m, 1H) ; 4.23 —2.20 (m, 1H) ; 4.05 (¢, IH, J=
3.4Hz);3.71 (dd, J=14.9, 5.0 Hz, 1H) ; 3.32 (dd, J = 14.9, 5.0 Hz, 1H) ; 3.22 (q, /= 7.1 Hz,
1H) ; 3.11 (q, J=7.1 Hz, 1H) ; 2.95 (s, 3H) ; 2.95 (s, 3H) ; 0.95 (t, J = 7.1 Hz, 3H). *C-NMR
(125 MHz, DMSO-ds) 6 155.0, 152.6, 148.3, 141.0, 140.1, 138.8, 134.0, 132.1, 126.9, 125.6,
120.0, 87.9, 83.0, 72.2, 71.4, 55.0, 43.5, 27.0, 19.7, 13.8. HRMS (ESI+): m/z calcd for
C20H26CINGOsS [M+H]"™: 497.1382, Found 497.1378.

5’-deoxy-5"-N-(ethyl)-(3-nitro-4-methoxybenzenesulfonyl)-N6-methyladenosine (15).
Following method F with 50 (100 mg, 0.18 mmol, 1.00 eq), 15 was obtained as an oil (80 mg,
86%). R/0.35 (1:9 MeOH/CHCl,). "H-NMR (500 MHz, DMSO-dc) & 8.33 (s, 1H) ; 8.27 (d, J
=2.4 Hz, 1H) ; 8.23 (br. s, 1H) ; 8.02 (dd, /= 8.9, 2.4 Hz, 1H) ; 7.78 (br. s, 1H) ; 7.46 (d, J =
9.0 Hz, 1H) ; 5.88 (d,J=5.9 Hz, 1H) ; 5.51 (d, J=6.1 Hz, 1H) ; 5.36 (d,J= 5.0 Hz, 1H) ; 4.78
(q, ) =5.8 Hz, 1H) ; 4.23 —4.17 (m, 1H) ; 4.06 (ddd, J = 8.3, 4.5, 3.6 Hz, 1H) ; 4.00 (s, 3H) ;
3.69 (dd, J=15.0,4.7 Hz, 1H) ; 3.37 (dd, ] = 14.8, 8.3 Hz, 1H); 3.25 (dq, J = 14.1, 7.0 Hz, 1H)
;3.13 (dq, J = 14.2, 7.0 Hz, 1H) ; 2.95 (s, 3H) ; 0.97 (t, J= 7.1 Hz, 3H). '*C-NMR (125 MHz,
DMSO-ds) 6 155.0, 154.7, 152.6, 148.3, 140.0, 138.8, 132.7, 131.3, 124.0, 119.9, 115.2, 87.9,
82.9, 72.2, 71.4, 57.4, 50.0, 43.5, 27.0, 13.8. HRMS (ESI+): m/z calcd for Cz0H26N70sS
[M+H]": 524.1558, Found 524.1556.
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5’-deoxy-5’-N-(ethyl)-(3-cyano-4-methoxybenzenesulfonyl)-N6-methyladenosine (16).
Following method F with 51 (100 mg, 0.18 mmol, 1.00 eq), 16 was obtained as a white powder
(47 mg, 50%). R;0.38 (1:9 MeOH/CH>Clz). 'H-NMR (500 MHz, DMSO-ds) & 8.35 (s, 1H) ;
8.24 (s, 1H) ; 8.18 (d, J=2.3 Hz, 1H) ; 8.03 (dd, J=9.0, 2.3 Hz, 1H) ; 7.80 (br. s, 1H) ; 7.34
(d, /J=9.0 Hz, 1H) ; 5.88 (d, J= 6.0 Hz, 1H) ; 5.53 (d, J= 6.1 Hz, 1H) ; 5.38 (d, /= 4.9 Hz,
1H); 4.80 —4.77 (m, 1H) ; 4.21 — 4.18 (m, 1H) ; 4.07 —4.03 (m, 1H) ; 3.99 (s, 3H) ; 3.67 (dd,
J=14.5,4.7Hz, 1H) ; 3.35-3.31 (m, 1H); 3.27 - 3.07 (m, 2H) ; 2.95 (s, 3H) ; 0.95 (t, J= 7.0
Hz, 3H). *C-NMR (125 MHz, DMSO-ds) & 163.5, 155.0, 152.7, 148.3, 140.1, 133.9, 132.7,
132.0, 119.9, 115.1, 113.0, 101.2, 87.8, 83.0, 72.2, 71.4, 57.2, 49.7, 43.5, 27.0, 13.8. HRMS
(ESI+): m/z caled for C21Ha6N706S [M+H]": 504.1646, Found 504.1652.

5’-deoxy-5"-N-(methyl)-(4-bromo-3-nitrobenzenesulfonyl)-7-phenylethynyl-7-deazaadenosine
(17).

Following method F with 57 (54 mg, 0.08 mmol, 1.00 eq), 17 was obtained as an off-white
solid (26 mg, 51%). Ry 0.44 (1:9 MeOH/CH,CL). 'H-NMR (600 MHz, DMSO-ds) § 8.41 (d,
J=2.1Hz, 1H); 8.16 (s, 1H) ; 8.09 (d, J = 8.4 Hz, 1H) ; 7.94 (dd, J = 8.4, 2.2 Hz, 1H) ; 7.89
(s, IH); 7.61 —7.56 (m, 2H) ; 7.48 — 7.37 (m, 3H) ; 6.07 (d, J =59 Hz, 1H) ; 5.47 (d,J =6.2
Hz, 1H) ; 5.32 (d,J =5.2 Hz, 1H) ; 447 (q, J = 5.8 Hz, 1H) ; 4.09 (td, J = 5.2, 3.8 Hz, 1H) ;
4.03 (dt, ] =8.3,4.3 Hz, 1H) ; 3.52 (dd, J = 14.3, 4.7 Hz, 1H) ; 3.39 — 3.26 (m, 1H) ; 2.78 (s,
3H). 3C-NMR (150 MHz, DMSO-ds) 5 157.6, 153.0, 150.1, 149.9, 138.0, 136.1, 131.6, 131.1,
128.7, 128.5, 127.1, 124.0, 122.5, 118.3, 102.1, 95.1, 91.2, 87.0, 82.9, 81.9, 72.9, 71.3, 52.0,
36.0. HRMS (ESI+): m/z calcd for C26H24BrNeO7S [M+H]": 643.0605, Found 643.0597.

5’-deoxy-5"-N-(methyl)-(3-nitro-4-methylbenzenesulfonyl)-7-phenylethynyl-7-deazaadenosine
(18).
Following method F with 58 (77 mg, 0.12 mmol, 1.00 eq), 18 was obtained as an off-white
solid (25 mg, 35%). Ry 0.56 (1:9 MeOH/CH,Cl»). 'H-NMR (600 MHz, DMSO-ds) & 8.29 (d, J
=2.0Hz, 1H); 8.16 (s, 1H) ; 8.00 (dd, J=8.1, 1.9 Hz, 1H) ; 7.90 (s, 1H) ; 7.70 (dd, J = 8.2, 0.9
Hz, 1H) ; 7.61 — 7.55 (m, 2H) ; 7.47 — 7.36 (m, 3H) ; 6.06 (d, J = 5.8 Hz, 1H) ; 5.47 (d,J =6.2
Hz, 1H) ; 5.34 (d,J = 5.1 Hz, 1H) ; 447 (q, J = 5.8 Hz, 1H) ; 4.10 (td, J = 5.1, 3.9 Hz, 1H) ;
4.02 (dt,J =8.4,4.4 Hz, 1H) ; 3.52 (dd, J = 14.3,4.7 Hz, 1H) ; 3.25 (dd, ] = 14.2, 7.7 Hz, 1H)
; 2.76 (s, 3H) ; 2.57 (s, 3H). *C-NMR (150 MHz, DMSO-de) § 157.6, 153.0, 150.1, 148.9,
137.9,136.2,134.1,131.1,128.7,128.6, 127.2,123.1, 122.5,102.1, 95.1,91.2, 87.1, 83.0, 82.0,
72.9, 71.2, 52.0, 36.0, 19.5. HRMS (ESI+): m/z calcd for C27H27N6O7S [M+H]": 579.1656,
Found 579.1652.
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5’-deoxy-5’-N-(methyl)-(3-chloro-4-methylbenzenesulfonyl)-7-phenylethynyl-7-
deazaadenosine (19).

Following method F with 59 (67 mg, 0.11 mmol, 1.00 eq), 19 was obtained as an off-white
solid (10 mg, 16%). Ry 0.50 (1:9 MeOH/CH>Cl,). '"H-NMR (600 MHz, DMSO-ds) § 8.16 (s,
1H) ; 7.92 (s, 1H) ; 7.79 (d, J = 2.0 Hz, 1H) ; 7.67 (dd, J = 8.0, 1.9 Hz, 1H) ; 7.61 — 7.56 (m,
3H); 7.46 — 7.38 (m, 3H) ; 6.07 (d, J = 6.1 Hz, 1H) ; 5.46 (d,J =6.2 Hz, 1H) ; 5.33 (d,J =5.0
Hz, 1H);4.49 (q,J=59Hz, 1H);4.11 (td, J =5.2,3.8 Hz, 1H) ; 4.04-3.99 (m, 1H) ; 3.50 (dd,
J=14.1,49 Hz, 1H) ; 3.17 (dd, ] = 14.2, 7.5 Hz, 1H) ; 2.72 (s, 3H) ; 2.40 (s, 1H). ’C-NMR
(150 MHz, DMSO-ds) 6 157.6, 153.0, 150.1, 141.2, 136.3, 134.1, 132.1, 131.1, 128.7, 128.5,
127.2, 125.9, 122.5, 102.1, 95.1, 91.2, 87.1, 83.0, 82.1, 72.9, 71.3, 52.1, 36.1, 19.7. HRMS
(ESI+): m/z caled for C27H27CIN5OsS [M+H]": 568.1416, Found 568.1411.

5’-deoxy-5’-N-(methyl)-(3-nitro-4-methoxybenzenesulfonyl)-7-phenylethynyl-7-
deazaadenosine (20).

Following method F with 60 (59 mg, 0.09 mmol, 1.00 eq), 20 was obtained as an off-white
solid (11 mg, 20%). Ry 0.52 (1:9 MeOH/CH,Cl>). 'H-NMR (600 MHz, DMSO-ds) § 8.28 (d, J
=23 Hz, 1H) ; 8.16 (s, 1H) ; 8.05 (dd, J =8.9,2.4 Hz, 1H) ; 7.91 (s, IH) ; 7.61 — 7.56 (m, 2H)
;7.53(d, J=8.9 Hz, 1H) ; 7.47 - 7.38 (m, 3H) ; 6.07 (d, ] =5.9 Hz, 1H) ; 5.47 (d, J = 6.3 Hz,
1H); 533 (d,J=5.1 Hz, 1H) ;448 (q,J =59 Hz, 1H) ; 4.10 (td, ] = 5.1, 3.7 Hz, 1H) ; 4.04-
3.99 (m, 4H) ; 3.50 (dd, J = 14.1, 4.9 Hz, 1H) ; 3.20 (dd, J = 14.2, 7.5 Hz, 1H) ; 2.73 (s, 3H).
BC-NMR (150 MHz, DMSO-ds) § 157.6, 154.9, 153.0, 150.1, 138.9, 133.1, 131.1, 128.7,
128.5, 127.2, 124.3, 122.5, 115.3, 102.1, 95.1, 91.2, 87.0, 83.0, 82.1, 72.9, 71.3, 57.4, 52.0,
36.1. HRMS (ESI+): m/z caled for C27H27N6OsS [M+H]": 595.1606, Found 595.1611.

5’-deoxy-5"-N-(methyl)-(3-cyano-4-methoxybenzenesulfonyl)-7-phenylethynyl-7-
deazaadenosine (21).
Following method F with 67 (95 mg, 0.15 mmol, 1.00 eq), 21 was obtained as an off-white
solid (42 mg, 47%). R 0.51 (1:9 MeOH/CH,Cl>). 'H-NMR (600 MHz, DMSO-ds) § 8.19 (d, J
=2.3Hz, 1H); 8.16 (s, I1H) ; 8.05 (dd, J =9.0, 2.4 Hz, 1H) ; 7.91 (s, 1H) ; 7.61 — 7.55 (m, 2H)
;746 —7.38 (m, 4H) ; 6.08 (d,J =6.1 Hz, 1H) ; 5.46 (s, 1H) ; 5.33 (s, 1H) ; 4.48 (t, ] = 5.6 Hz,
1H) ; 4.13 —-4.08 (m, 1H) ; 4.05—-3.98 (m, 4H) ; 3.49 (dd, J = 14.3, 5.0 Hz, 1H) ; 3.17 (dd, J =
14.3,7.4 Hz, 1H) ; 2.72 (s, 3H). >*C-NMR (150 MHz, DMSO-ds) § 163.7, 157.6, 152.9, 150.1,
134.2, 133.0, 131.1, 129.5, 128.7, 128.5, 127.1, 122.5, 115.0, 113.1, 102.1, 101.3, 95.1, 91.2,
87.0, 83.0, 82.1, 72.9, 71.3, 57.1, 52.1, 36.1. HRMS (ESI+): m/z calcd for CisH27N6O6S
[M+H]": 575.1707, Found 575.1702.

39



5’-deoxy-5’-N-(methyl)-(4-bromo-3-nitrobenzenesulfonyl)-7-(quinolin-3-ethynyl)-7-
deazaadenosine (22).

Following method F with 62 (72 mg, 0.10 mmol, 1.00 eq), 22 was obtained as an off-white
solid (45 mg, 66%). Ry 0.36 (1:9 MeOH/CH,Cl»). 'H-NMR (600 MHz, DMSO-ds) § 9.04 (d, J
=2.1 Hz, 1H) ; 8.66 — 8.62 (m, 1H) ; 8.42 (d, J =2.2 Hz, 1H) ; 8.18 (s, 1H) ; 8.09 (d, J = 8.3
Hz, 1H) ; 8.05 (dd, J = 8.3, 1.0 Hz, 1H) ; 8.01 (dd, J =8.3, 1.5 Hz, 1H) ; 7.98 (s, 1H) ; 7.95 (dd,
J=8.4,22Hz, 1H); 7.81(ddd, J =8.3,6.9, 1.5 Hz, 1H) ; 7.68 (ddd, J = 8.2, 6.9, 1.2 Hz, 1H)
;6.09(d,J=59Hz, 1H);549(d,J=6.2Hz, 1H);5.34(d,J=5.1 Hz, 1H) ; 449 (q,J=5.9
Hz, 1H) ; 4.11 (td, J =5.2,4.1 Hz, 1H) ; 4.04 (dt, J =8.4,4.3 Hz, 1H) ; 3.53 (dq,J=11.8, 7.2,
6.6 Hz, 1H) ; 3.32-3.28 (m, 1H) ; 2.79 (s, 1H). *C-NMR (150 MHz, DMSO-ds) & 157.6, 153.0,
151.6,150.1, 149.9, 146. 2, 138.0, 136.0, 131.6, 130.3, 128.8, 128.0, 127.9, 127.5, 126.9, 125.9,
124.0, 118.3, 116.9, 102.0, 94.8, 88.7, 87.1, 83.0, 82.0, 73.0, 71.2, 52.0, 36.1. HRMS (ESI+):
m/z caled for C2oH2sBrN7O7S [M+H]": 694.0.714, Found 694.0720.

5’-deoxy-5"-N-(methyl)-(4-methyl-3-nitrobenzenesulfonyl)-7-(quinolin-3-ethynyl)-7-
deazaadenosine (23).

Following method F with 63 (115 mg, 0.17 mmol, 1.00 eq), 23 was obtained as an off-white
solid (68 mg, 63%). Ry 0.33 (1:9 MeOH/CH,Cl»). 'H-NMR (500 MHz, DMSO-ds) § 9.04 (d, J
=2.1 Hz, 1H) ; 8.65 (d, J =2.0 Hz, 1H) ; 8.30 (d, J = 1.8 Hz, 1H) ; 8.18 (s, 1H) ; 8.08 — 7.98
(m, 4H) ; 7.84 — 7.78 (m, 1H) ; 7.73 — 7.64 (m, 2H) ; 6.08 (d, J =5.9 Hz, 1H) ; 5.52 (d, ] = 6.2
Hz, 1H) ; 5.38 (d,J =5.1 Hz, 1H) ; 4.50 (q,J = 5.8 Hz, 1H) ; 4.12 (q, J =4.7 Hz, 1H) ; 4.04 (dt,
J=8.2,43 Hz, 1H); 3.53 (dd, J = 14.3, 4.7 Hz, 1H) ; 3.25 (dd, ] = 14.3, 7.7 Hz, 1H) ; 2.77 (s,
3H); 2.57 (s, 3H). *C-NMR (125 MHz, DMSO-ds) & 157.6, 153.1, 151.7, 150.3, 149.0, 146.2,
138.0, 137.9, 136.2, 134.2, 131.2, 130.4, 128.9, 128.0, 127.6 , 126.9, 123.2, 117.0, 102.0, 94.8,
88.8, 87.1, 86.2, 82.0, 73.0, 71.3, 52.1, 36.1, 19.6. HRMS (ESI+): m/z calcd for C30H28N707S
[M+H]": 630.1765, Found 630.1762.

5’-deoxy-5"-N-(methyl)-(3-chloro-4-methylbenzenesulfonyl)-7-(quinolin-3-ethynyl)-7-
deazaadenosine (24).
Following method F with 64 (30 mg, 0.05 mmol, 1.00 eq), 24 was obtained as an off-white
solid (10 mg, 35%). Ry 0.50 (1:9 MeOH/CH,Cl»). 'H-NMR (600 MHz, DMSO-ds) § 9.04 (d, J
=2.1 Hz, 1H) ; 8.64 (d,J =2.2 Hz, 1H) ; 8.18 (s, 1H) ; 8.07 — 7.98 (m, 3H) ; 7.84 — 7.78 (m,
2H); 7.70 — 7.64 (m, 2H) ; 7.59 (d, J = 8.0 Hz, 1H) ; 6.09 (d,J =5.9 Hz, 1H) ; 549 (d,J = 6.2
Hz, 1H) ;5.35(d,J=5.0 Hz, 1H) ; 4.51 (q,J = 5.8 Hz, 1H) ; 4.13 (q, J = 4.8 Hz, 1H) ; 4.03 (dt,
J=7.7,4.5Hz, 1H) ; 3.51 (dd, J = 14.1, 5.0 Hz, 1H) ; 3.19 (dd, ] = 14.2, 7.5 Hz, 1H) ; 2.73 (s,
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3H) ; 2.40 (s, 3H). *C-NMR (150 MHz, DMSO-ds) 5 157.6, 153.0, 151.7, 150.2, 146.1, 141.2,
137.9, 136.3, 134.1, 132.1, 130.4, 128.8, 128.0, 127.5, 127.1, 126.9, 125.9, 116.9, 102.0, 94.8,
88.7,87.1,86.2,82.2,72.9,71.3,52.1,36.1, 19.7. HRMS (ESI+): m/z calcd for C30H2sCINsOsS
[M+H]": 619.1525, Found 619.1529.

5’-deoxy-5’-N-(methyl)-(4-methoxy-3-nitrobenzenesulfonyl)-7-(quinolin-3-ethynyl)-7-
deazaadenosine (25).

Following method F with 65 (68 mg, 0.10 mmol, 1.00 eq), 25 was obtained as an off-white
solid (40 mg, 62%). Ry 0.33 (1:9 MeOH/CH,Cl»). 'H-NMR (600 MHz, DMSO-ds) § 9.04 (d, J
=2.1 Hz, 1H) ; 8.66 —8.62 (m, 1H) ; 8.29 (d, J=2.3 Hz, 1H) ; 8.18 (s, 1H) ; 8.08-8.03 (m, 2H)
; 8.03-7.99 (m, 2H) ; 7.81 (ddd, J = 8.4, 6.8, 1.5 Hz, 1H) ; 7.68 (ddd, J = 8.2, 6.8, 1.2 Hz, 1H) ;
7.53(d,J=9.0Hz, 1H); 6.10 (d,J=59Hz, 1H); 548 (d,J =62 Hz, 1H); 534 (d,J=5.1
Hz, 1H) ; 4.51 (q,J=5.8 Hz, 1H) ; 4.12 (td, J = 5.1, 3.9 Hz, 1H) ; 4.04 (dt,J = 7.4, 4.5 Hz, 1H)
;4.01 (s, 3H) ; 3.51 (dd, J =14.2, 4.8 Hz, 1H) ; 3.23 (dd, ] = 14.2, 7.5 Hz, 1H) ; 2.75 (s, 1H).
BC-NMR (150 MHz, DMSO-de) & 157.6, 154.9, 153.0, 151.6, 150.2, 146.1, 138.9, 137.9,
133.1,130.3, 128.8, 128.0, 127.5, 126.9, 124.3, 116.9, 115.3, 102.0, 94.8, 88.7, 87.1, 86.1, 82.1,
72.9, 71.3, 57.4, 52.0, 36.1. HRMS (ESI+): m/z calcd for C30H2sN70sS [M+H]": 646.1715,
Found 646.1721.

5’-deoxy-5"-N-(methyl)-(3-cyano-4-methoxybenzenesulfonyl)-7-(quinolin-3-ethynyl)-7-
deazaadenosine (26).

Following method F with 68 (100 mg, 0.15 mmol, 1.00 eq), 26 was obtained as an off-white
solid (50 mg, 53%). Ry 0.33 (1:9 MeOH/CH,Cl»). 'H-NMR (600 MHz, DMSO-ds) § 9.04 (d, J
=2.1Hz, 1H);8.64 (d,J=2.3 Hz, 1H) ; 8.21 (d,J =2.4 Hz, 1H) ; 8.18 (s, 1H) ; 8.08-8.03 (m,
2H) ; 8.03-7.99 (m, 2H) ; 7.81 (ddd, J = 8.5, 6.8, 1.5 Hz, 1H) ; 7.68 (ddd, J = 8.1, 6.8, 1.2 Hz,
1H);7.41(d,J=9.0 Hz, 1H); 6.10 (d, J = 6.0 Hz, 1H) ; 5.49 (d,J = 6.3 Hz, 1H) ; 5.35(d, J =
5.0 Hz, 1H) ; 4.51 (q, J = 5.9 Hz, 1H) ; 4.12 (td, J = 5.0, 3.6 Hz, 1H) ; 4.03 (ddd, J = 7.4, 4.9,
3.6 Hz, 1H) ; 4.00 (s, 3H) ; 3.50 (dd, J = 14.1, 5.0 Hz, 1H) ; 3.19 (dd, J = 14.2, 7.5 Hz, 1H) ;
2.72 (s, 1H). B*C-NMR (150 MHz, DMSO-ds) § 163.7, 157.6, 153.0, 151.7, 150.3, 146.2, 138.0,
134.2, 133.1, 130.4, 129.5, 128.8, 128.0, 127.5, 126.9, 116.9, 115.1, 113.1, 102.0, 101.3, 94.8,
88.7, 87.0, 86.2, 82.2, 72.9, 71.3, 57.2, 52.1, 36.1. HRMS (ESI+): m/z calcd for C31H28N706S
[M+H]": 626.1816, Found 626.1825.

4.2. Expression and purification of recombinant proteins
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SARS-CoV and SARS-CoV-2 nspl4 (N7-MTase), SARS-CoV-2 nspl0 and nspl6 (2°O-
MTase), the human RNA N7-methyltransferase (hRNMT) and the Dengue virus serotype 3
methyltransferase (NS5 MTase) coding sequences were cloned in fusion with a N-terminus
hexa-histidine tag in pET28 plasmids [23] and in Gateway-compatible plasmids as described in
[40, 46]. The MERS-CoV nspl14 was produced and purified as previously described [47]. The
other proteins were expressed in E.coli C2566 and purified in a two-step IMAC using cobalt
beads. Briefly, cells were lysed by sonication in a buffer containing 50 mM Tris pH 6.8, 300
mM NaCl, 10 mM imidazole, 5 mM MgCl,, and 1 mM BME, supplemented with 0.25 mg/mL
lysozyme, 10 pg/mL DNase, and I mM PMSF. The proteins were next purified through affinity
chromatography with HisPur Cobalt resin 480 (Thermo Scientific), washing with an increased
concentration of salt (1 M NaCl) and imidazole (20 mM), prior to elution in buffer
supplemented with 250 mM imidazole. The second step of purification was performed by size
exclusion chomatography (GE Superdex S200) in a final buffer of 50 mM Tris pH 6.8, 300 mM
NaCl, 5 mM MgCl,, and 1 mM BME and the proteins were subsequently concentrated up to
12.5 uM and conserved at -20 °C in a buffer containing 50% of glycerol.

4.3. Determination of the MTase activity by filter binding assay (FBA)

The hRNMT, DV3 NS5, SARS-CoV, SARS-CoV-2 and MERS-CoV nspl4 MTase assays
were carried out in reaction mixture [40 mM Tris-HCI (pH 8.0), 1 mM DTT, 1 mM MgCl,, 2
uM SAM, and 0.1 pM *H-SAM (Perkin Elmer)] in the presence of 0.7 uM GpppACa synthetic
RNA [23] and the corresponding MTases. The SARS-CoV-2 2°O-MTase assay was performed
in the same experimental conditions except that "GpppACs synthetic RNA was used in the
presence of ImM MgCl,.The concentration of MTases was adjusted in each assay in order to
get similar enzymatic activity in the FBA during the linear phase of the enzymatic reaction.
Briefly, the enzymes were first mixed with the compound suspended in 50% DMSO (2.5% final
DMSO) before the addition of RNA substrate and SAM and then incubated at 30 °C. Reactions
mixtures were stopped after 30 min by their 10-fold dilution in ice-cold water. Samples were
transferred to diethylaminoethyl (DEAE) filtermat (Perkin Elmer) using a Filtermat Harvester
(Packard Instruments). The RNA-retaining mats were washed twice with 10 mM ammonium
formate pH 8.0, twice with water and once with ethanol. They were soaked with scintillation
fluid (Perkin Elmer), and *H-methyl transfer to the RNA substrates was determined using a
Wallac MicroBeta TriLux liquid scintillation counter (Perkin Elmer). For ICso measurements,

values were normalized and fitted with Prism (GraphPad software) using the following
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equation: Y = 100/[1 + ((X/ICso)*Hillslope)]. ICsois defined as the inhibitory compound

concentration that causes 50% reduction in enzyme activity.

4.4. Molecular docking

All molecular docking experiments were performed using Autodock Vina [41]. The X-ray
crystal structure of SARS-CoV-2 nsp14 (PDB 7R2V) was used as the receptor and prepared in
Chimera [48]. The ligand structures were drawn and minimized using MarvinSketch
(ChemAxon). The receptor and ligand structures were converted to PDBQT format using MGL
Tools [49]. The exhaustiveness was set to 10 and default parameters were used, unless
otherwise stated. The ligand was treated as flexible and the protein was kept rigid. The grid size
was set to 14 x 16 x 20 (A) and the grid box's center points were set to target the active site of
the protein, with the center at X = 14.2, Y =-12.3, Z = -20.1. The docking poses were further
filtered for superposition of the adenine nucleobase present in our compounds with the SAH
molecule observed in the crystal structure. 3D and 2D representations of protein-ligand
complexes were visualized using PyMOL (The PyMOL Molecular Graphics System,
Schrédinger, LLC) and Ligplot+, respectively [50].

4.5. SARS-CoV-2 inhibition assay in Vero E6 TMPRSS? cells

The experimental procedures for the antiviral activity assay against SARS-CoV-2 in cell culture
were as previously described [45, 51]. Vero E6 TMPRSS2 cells (ID 100978) were obtained
from CFAR and were grown in minimal essential medium (Life Technologies) with 10% heat-
inactivated fetal calf serum (FCS; Life Technologies), at 37°C with 5% CO: with 1%
penicillin/streptomycin (5000 U/mL1 and 5000 pg/mL respectively; Life Technologies) and
supplemented with 1% non-essential amino acids (Life Technologies) and G-418 (Life
Technologies). SARS-CoV-2 strain BavPat (lineage B.1) was obtained from Pr. C. Drosten
through EVA GLOBAL (https://www.european-virus-archive.com/). All experiments with
infectious virus were conducted in a biosafety level 3 laboratory. One day prior to infection, 5
x 10* Vero E6 TMPRSS2 cells were seeded per well in 100 uL medium in 96 well culture
plates. The next day, four 3-fold dilutions of compounds (from 0.37 uM to 10 uM in duplicate
were added to the cells using a Tecan d300e (Tecan) and were supplemented with 25ul/well
of assay medium). Virus control wells were supplemented with 25 pL of assay medium, and 25
uL of a virus mix diluted in medium was added to the wells. The amount of virus working stock
used was calibrated prior to the assay, based on a replication kinetics, so that the viral replication

was still in the exponential growth phase for the readout as previously described. On each
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culture plate, a control compound (Remdesivir, BLDpharm) was tested similarly. Plates were
incubated for 2 days at 37°C prior to quantification of the viral genome by real-time RT-PCR.
To do so, 100 pL of viral supernatant was collected in S-Block (Qiagen) previously loaded with
VXL lysis buffer containing proteinase K and RNA carrier. Cell viability was also determined
in order to determine if the absence of viral replication was due to genuine inhibition by the
molecules or as an artifact of molecule cytotoxicity, and as another method to observe viral
replication inhibition. This was achieved by removing all remaining cell culture supernatant
and using CellTiter Blue® (Promega) following manufacturer’s instructions. RNA extraction
was performed on the collected supernatant using the Qiacube HT automat and the QIAamp 96
DNA kit HT following manufacturer instructions. Viral RNA was quantified by real-time RT-
qPCR (GoTaq 1-step qRt-PCR, Promega) using 3.8 uL of extracted RNA and 6.2 pL of RT-
qPCR mix and standard fast cycling parameters, i.e., 10 min at 50°C, 2 min at 95°C, and 40
amplification cycles (95°C for 3 s followed by 30 s at 60°C). Quantification was provided by
four 2 log serial dilutions of an appropriate T7-generated synthetic RNA standard of known
quantities (10? to 10% copies/reaction). RT-qPCR reactions were performed on QuantStudio
12K Flex Real-Time PCR System (Applied Biosystems) and analyzed using QuantStudio 12K
Flex Applied Biosystems software v1.2.3. Primers and probe sequences, which target SARS-
CoV-2 N gene, were: Fw: GGCCGCAAATTGCACAAT; Rev: CCAATGCGCGACATTCC;
Probe: FAM-CCCCCAGCGCTTCAGCGTTCT-BHQI. For the evaluation of compounds
cytotoxicity, the same culture conditions without addition of the virus, and cell viability was
measured using CellTiter Blue® (Promega) following manufacturer’s instructions. All data

obtained were analyzed using GraphPad Prism 9 software (Graphpad software).
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