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Abstract

In this study, we demonstrate tHdt-isopentenyladenosine, which essentially is a ptymokinin-like
compound, exerts a potent and selective antivifateon the replication of human enterovirus 7 thwi
an EGp of 1.0 = 0.2 uM and a selectivity index (SI) of 5The synthesis of analogs with modification of
the N°-position did not result in a lower Egvalue. However, in particular with the synthesis\-(5-
hexene-2-yne-1-yl)adenosine (&G 4.3 + 1.5uM), the selectivity index was sigraifintly increased:
because of a reduction in the adverse effect af ¢dbmpound on the host cells, an SI >101 could be
calculated. With this study, we for the first timppevide proof that a compound class that is basethe
plant cytokinin skeleton offers an interesting @y point for the development of novel antiviralgainst

mammalian viruses, in the present context in paldicagainst enterovirus 71.
K ey words: adenosinelN®-derivatives, synthesis, antiviral activity, entéras 71

1. Introduction

Common natural isoprenoid cytokinins anme®-isopentenyladenine trans- and cis-zeatin, and
dihydrozeatin. The first step in isoprenoid cytokirbiosynthesis is carried out by the adenosine
phosphate isopentenyltransferase (EC 2.5.1.27)chwhatalyzes thé\®-prenylation of adenosine’-5
(mono-, di-, or tri-) phosphates with 3,3-dimethiylidiphosphate [1]. The resulting nucleotides are
readily dephosphorylated to their correspondingeuside derivatives. These in turn serve as substra
for two other enzymes, namely adenosine nucleosi(la8 3.2.2.7) and purine nucleoside phosphorylase
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(EC 2.4.2.1), which convert the cytokinin nucleesidnto their cytokinin bases. Accordingly, to thes
transformationd\®-substituted adenines and adenosines might haviausiytokinin activities [1].

Several N°-substituted adenosines, such M%isopentenyladenosing\®-methyladenosine, and some
others have been detected in, amongst others, tRINACytokinin ribosides were found to inhibit the
growth of mammalian neoplastic celis vitro [3,4], and, in limited clinical trials in the 190 N°-
isopentenyladenosine showed some antitumor chenapiatic effect [5]. These findings initiated an
interest to synthesize novdP-adenosine analogs in an attempt to identify comgswvith enhance
antitumor activity. However, biological evaluati@i a wide variety of such derivatives did not yield
compounds with activity higher than thatNfisopentenyladenosine itself [6].

Nonetheless, encouraged by the fact tifasubstituted adenosines have been shown to eiditdical
activity in mammalian assay systems for malaria Mfican sleepingsickness [8], toxoplasmosis [9],
and some others, we decided to explore the potenti&’-isopentenyladenosine and derivatives as

inhibitors of virus replication.

2. Resultsand discussion

2.1. Chemistry

Recently, we developed a new and versatile methodhe preparation dfi®-adenosine derivatives by
regioselectiveN®-alkylation of N°-acetyl-2,3',5'-tri-O-acetyladenosine1j [10,11]. One of the most
common approaches for the preparatioiNbalkylated adenosines is the reaction of alkylamiwéth 6-
chloropurine riboside. [12,13] The advantage of mathod is the possibility of usage both alkyl Hes
and alcohols foN®-modification. This is important especially in titase when an amine is hardly
available. Compound2a-c were synthesized by alkylation of tetraacefiateth appropriate alkyl halides
(Scheme 1, method A) and they were deprotected wamtimonia in methanol according to well-
established procedures reported in the literature.

In other cases, tetraacetalewas transformed into nucleosid@d-k using the Mitsunobu protocol
(Scheme 1, method B). Although the Mitsunobu cowyplpromoted with P and DEAD (diethyl
azodicarboxylate) is a very popular mild chemigahsformation that occurs under essentially neutral
conditions, it produces at least equivalent amoah®hPO and (NHCOOE}) It is almost impossible to
isolate pure substanc@swithout repeated column chromatography on siliebvghich resulted in low
yields of 2. The partially purified acetatéswere subjected to deacetylation with the followocgdumn
chromatography to give pure nucleosiBesith reasonable overall yields.

Deacylation with 7M NHin methanol at room temperature proceeded compldteging 48 h. However,
the rate of deprotection &f-acetyl andO-acetyl groups in nucleosid@sare quite different: the first one

IS much more stable and, as a result, an additiamalunt of acetamide was formed under deblocking



conditions. Acetamide caused some difficulties i purification of the final products using column
chromatography on silica gel, because it was adteted together with nucleosidas

We have also tried to use 0.1M MeONa in MeOH atmrdemperature for removal of acetyl groups.
After 30 minutes, we were able to isol&ttacetyl derivatives o8 in good yields and their structure was
confirmed by NMR and MS methods. Prolonged treatmmesults in substantial decomposition of the
desired products.

Finally, we found that the use of 4M Pri MeOH [14] at room temperature for one day & thethod

of choice for the preparation of nucleosidesThe formedN-propylacetamide have higher mobility on
silica gel than the desired nucleosiB@es

N°-Substituted adenine derivativéb-c were obtained by acid hydrolysis of the nuclecsigec. The
treatment of corresponding nucleosides with 0B# at 100T leads to cleavage of the glycoside bond
and removal oN-acetyl group. Unfortunately, this method was napleable to isoprenoid derivatives
due to the side reactions [15,16]. Isopentenylatedia) was obtained via the enzymatic phosphorolysis
of 3a in the presence of recombinant purine nucleossphorylase in KEPO, buffer (pH 7.5) [10].

The structure of all synthesized compounds wasicnatl by NMR and MS methods.

Among the synthesized derivativels®-acetylN°®-propargyl-2,3,5-tri-O-acetyladenosine2¢) may be
used for introduction of new structural motifs netadenine moiety according to Scheme 2.

No literature examples of allylation of acetylenigcleic base derivatives were found, though subfgless
examples carried out on simple alkynes are availfiid,18,19]. We found that reaction of allyl brolei
and 3,3-dimethylallyl bromide with compou@d canbe carried out in the presence of CuCl and a biase a
ambient temperature affordifigand6 in 70 — 80 % vyield. It is noteworthy that no reactoccurred with
methyl iodide or benzyl bromide. This can be a @iet evidence that the mechanism of acetylenic
allylation, catalyzed with Cu (), is more complied than it was suggested [17], since it is limbedy to
allylic halides. Obviously, the participation gt-allylic complex should also be taken into considien.
The participation of binuclear copper species $® dlighly probable in a way similar to Cu (I) csiadd
[3+2] cycloaddition of azides to acetylenes [20].

The reaction of2c with allyloromide and 3,3-dimethylallyloromide t® be carried out at ambient
conditions but in anaerobic §Natmosphere to observe a sufficient increasedldyi We were unable to
monitor both reactions by TLC on silica gel plabecause in the wide range of the used solvents, the
starting compound@c and the product$ or 6 have quite the same mobility. To ensure the coraplet
consumption oPc and for simplification of chromatographic isolatiof 5 and6, the reaction mixtures,
after stirring for 16 h in B atmosphere, were additionally stirred for 6-8 han This causes the
oxidation of the unreacted initial compourt with the formation of more polar products, thus
simplifying the isolation procedure. The oxidatioh 2c in solution in the presence of Cu(l) was

confirmed by independent experiment in whiithand CuCl were stirred in MeCN in the open flasll an
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complete conversion dc to polar compounds was observed within severatdidifter the removal of
acetyl groups by ammonolysis of peracetylated camgse5 and6, free nucleoside¥ and 8 can be
isolated in good vyields.

The structure of the side chain of the compounds wvembiguously assigned Hy NMR spectral data
(the numeration of side chain carbon atoms is degiéen Figure 1. Long-range spin-spin coupling
constants were observed. In compoub@®d6, the 1-CH groups appears as triplets with= 2.2 Hz. In
the free nucleosides and 8, significant broadening of the 1-GHsignals is observed. Such effect is
general for freeN®-substituted nucleosides. A possible explanation lwa found in the literature and is
ascribed to ‘a chemical exchange process connéattd restricted conformational change’ [21,22%. A
a result, spin-spin coupling between 1-Chhd 4-CH is not detectable. Nevertheless, the sets of
constants for other hydrogen atoms remain the sasrfer acetylated nucleosidésand 6 (Supporting
information). Thus, no principle structural changssN°-residues occurred during deprotection. The

chemical purity of7 and8 was established to be higher than 99 % on the lod4iC-MS analysis.

2.2. Biological activity

In a first round, the compounds were evaluatedHeir potential as inhibitors of virus replicationcell-
based assays for hepatitis C virus (HCV, replicagedl assay), chikungunya virus (CHIKV, virus-cell-
based assay) and enterovirus 71 (EV71, virus-@ded assay). No antiviral activity was observeth@n
assays for HCV and CHIKV. In contrast, a clear petitective effect was apparent in the EV71 aseay f
compounds3a, 3b, 3e, 3j, 3k, and7, for which an EG, value could be derived from the dose-response
curves (Table 1). This value represents the conateo of compound that induces a cell protectiffect

of 50% and is indicative of the antiviral potendyttte compound. In parallel, also uninfected celése
treated with the compounds to quantify the advef§ect of treatment on host cell metabolism. From
these dose-response curves,sgC@lues equaling the concentration of compound tedtices overall
host cell metabolism by 50%, are calculated. Frah balues, the selectivity index (Sl= €EGCsp) can

be derived, a value that is indicative for the #pautic window of a particular compound in thisagss
(the larger the SlI, the larger the therapeutic wimd However, a cell protective effect that is ahéa in

a virus-cell-based assay does not necessarily ghatea compound selectively inhibits virus refiica.
Therefore, all assay wells with a cytoprotectivieeef were inspected by microscope for minor sighs o
virus-induced cell death, or for treatment-indubedt cell or monolayer abnormalities. Only compaund
for which the cells at least at one concentratibnompound resemble the untreated, uninfected cbntr
cells are considered as selective inhibitors of EVirus replication. Compourh proved to be the most
potent compound of this series (®f 1.0 + 0.2 uM) while compound was the most selective
compound (SI1>101). Both matched the selectionraiteor a selective inhibitor of EV71 replicatios a

outlined above, and were selected for further etadn. TheN®-substituted adenine&-c do not elicit an
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antiviral effect in this assay, which indicatesttliae ribofuranose residue is most likely esserital
antiviral activity.

In a second round, the antiviral effect of compoBa@dnd7 was evaluated in virus-cell-based assays for
a panel of other enteroviruses. Interestingly, pkéer a very faint cell protective effect in thesay for
echovirus 11 (ECHO11, E6=230 + 45 uM), no antiviral activity was observeghmst any of the other
viruses. This indicates that the antiviral activitythis compound class is most likely very selextior
enterovirus 71 (Table 2).

To confirm that the compounds are selective inbikifor EV71, their antiviral effect was evaluaiad
virus-cell-based assays for a panel of clinicalates of EV71 that belong to different EV71 genagp®
(Table 3).

Compound3a proved to be equipotent against all viruses of thanel, while for7, the activity ranged
from 0.9 + 1.8uM for EV71 strain HO8300 461 #812rggroup C2) to 17 £ 4 uM for EV71 strain
TW/70902/08 (genogroup B5). Also the other viruslage that belongs to genogroup B5 appeared to be
less sensitive to the antiviral effect of this caupd. Because all EV71 assays have been conducted
using RD (rhabdomyosarcoma) cells, these resultg imdicate that the compound most likely has a

mechanism of action that also involves a specifial yprotein rather than only a cellular factor.

3. Conclusions

In the present study, we reported on the synthe$isN®-isopentenyladenosine analogues and
demonstrated that these cytokinin-like compounde fpotential as inhibitors of the replication of EV
in @ mammalian bio-assay. To obtain a deeper ihsigb the structure-activity relationship of these
compounds against EV71, additional sets should bepaped, which hopefully will allow the
identification of a compound with a large windowsafectivity. The availability of such a compounil w
be essential to initiate studies into the preciggeoular mechanism of action by which enterovirds 7

replication is inhibited.

4. Experimental section

4.1. General

The solvents and materials were reagent grade amed wsed without additional purification. Column
chromatography was performed on silica gel (Kieslef® Merck, 0.063-0.200 mm). TLC was performed
on Alugram SIL G/UV254 (Macherey-Nagel) with UV umization. Melting points were determined on

a Electrothermal apparatus and are uncorrectécand *C (with complete proton decoupling) NMR
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spectra were recorded on Bruker AMX 400 NMR instemtnat 300K *H-NMR-spectra were recorded at
400 MHz and™C-NMR-spectra at 100 MHz. Chemical shifts in ppmraveneasured relative to the
residual solvent signals as internal standards (gDB: 7.26 ppm,=C: 77.1 ppm; DMSQ, 'H: 2.50
ppm, 3C: 39.5 ppm) [23]. Spin-spin coupling constarsare given in Hz. Double resonance technique
was applied for assigning the resonances. Highlugson mass spectra (HRMS) were measured on a
Bruker micrOTOF Il instrument using electrospragization (ESI) [24]. The measurements were done in
a positive ion mode (interface capillary voltagé500 V) or in a negative ion mode (3200 V); masgea
from m/z 50 to m/z 3000 Da; external or internal calibration was dawith Electrospray Calibrant
Solution (Fluka). A syringe injection was used $otutions in acetonitrile, methanol, or water (floate

3 uL/min). Nitrogen was applied as a dry gas; integfé@mperature was set at 180 LC-MS analysis
was performed on a Surveyor MSQ instrument (Thefmaigan, USA), operating in APCI (atmospheric
pressure chemical ionization) mode with detectibpasitive and negative ions, and equipped withxOny
Monollithic C18 25x4.6 mm Part No CHO-7645 coluriihe eluent was 0.1% HCOOH in water with a
gradient of solution in MeCN. Chromatographic peaisre detected simultaneously with ELSD
(evaporative light scattering detector), PAD (pliodde array detector), and TIC (total ion current)
detector. In all cases, only one peak was reveatetithe chromatographic purity of compounds was

more than 99%.
4.2. Typical procedure for alkylation of tetraacetate 1 in DMF in the presence of K,CO3; (Method A)

To a stirred mixture of tetraacetdt€500 mg, 1.15 mmol), $¥COs; (0.32 g, 2.3 mmol) in 5 ml of DMF in
one portion alkyl bromide (1.4 mmol) was addedaainn temperature. The reaction was monitored by
TLC. After stirring for 20 h at ambient temperatuttee conversion was completed. The reaction mextur
was diluted with AcOEt and the solution was washath brine (3x20 ml). The extract was dried over
NaSO, and evaporated. The residue was applied to cothmamatography on silica gel.

4.2.1. N°-Acetyl-N°-isopentenyl-2',3' 5"-tri-O-acetyladenosine (2a)

A commercial isopentenyl bromide was used for #mction. The yield oRa was 410 mg (67%) as a
foam; R 0.41 (CHCI»-EtOH, 25:1)*H NMR (400 MHz,CDCL): & = 1.61 (s, 6, Me), 2.10 (s, 3H, AcO),
2.13 (s, 3H, AcO), 2.16 (s, 3H, AcO), 2.28 (s, 2dN), 4.39 (dd, 1HJsp 52 = 12.9,Jsp.4 = 5.2, H-8b),
4.45-4.49 (m, 2H, H/& + H-4), 4.84 (d, 2, J = 6.7, NCH), 5.22-5.26 (m, B, CH,CH=C), 5.69 (dd,
1H, Jz.4 = 4.8,J3» = 5.6, H-3), 5.96 (dd, 1H,), 5 = 5.6,J».1 = 5.0, H-2), 6.23 (d, 1HJ1» = 5.0, H-1),
8.19 (s, 1H, H-2), 8.79 (s, 1H, H-8).



4.2.2. N°-Acetyl-N°-allyl-2’,3" 5"-tri-O-acetyladenosine (2b)

A commercial allyl bromide was used for the reattidhe yield of2b (420 mg, 77%) as a foam; 58
(CH,Cl,-EtOH, 25:1).'"H NMR (400 MHz, CDC}): = 2.10 (s, 3H, AcO), 2.12 (s, 3H, AcO), 2.15 (s,
3H, AcO), 2.32 (s, 3H, AcN), 4.39 (dd, 1Bkp 52 = 12.8,J5p.4 = 5.2, H-8b), 4.46 (dd, 1HJs5a5, = 12.8,
Jsas = 3.0, H-8a), 4.47 (ddd, 1H)4 50 = 5.2,J524 = 3.0,J4.3 = 4.9, H-4), 4.88 (d, H, *J = 5.1, NCH),
5.04 (dd, H, %3 = 1.0,%J = 10.3,C=CH-cis), 5.17 (dd?J = 1.0,3J = 17.2,C=CH-trans), 5.69 (dd, 1Hl »

= 4.9,J3» = 5.4, H-3), 5.89 (ddd?J = 5.1, 10.3 and 17.Z;H,CH=C), 5.96 (dd, 1HJ»3 = 5.4,Jp2 =
5.0, H-2), 6.23 (d, 1HJ1> = 5.0, H-1), 8.19 (s, 1H, H-2), 8.78 (s, 1H, H-8).

4.2.3. N°-Acetyl-N°-propargyl-2',3',5-tri-O-acetyladenosine (2c)

A commercial solution of propargyl bromide in tohge(80% wt) was used for the reaction. The yield of
2c was 463 mg (85%) as a foam; B.42 (CHCl,-EtOH, 25:1).*H NMR (400 MHz, CDCJ): 3 = 2.10 (s,
3H, Ac0O), 2.12 (t, 1HJ = 2.5, HGC), 2.13 (s, 3H, AcO), 2.16 (s, 3H, AcO), 2.393bl, AcN), 4.40
(dd, 1H,J5p 52 = 12.9,J5p.4 = 5.2, H-8b), 4.47 (dd, 1HJsa8p = 12.9,J5a4 = 3.1, H-3a), 4.48 (ddd, 1H,
Jysp=5.2,dy5a=3.1,Jy3 = 4.8, H-4), 5.10 (d, 2H,J = 2.5, CHN,) 5.68 (dd, 1HJ3 » = 4.8,J3 > = 5.6,
H-3), 5.97 (dd, 1HJ> 3 = 5.6,J> 1 = 5.0, H-2), 6.25 (d, 1HJ;.» = 5.0, H-1), 8.22 (s, 1H, H-2), 8.82 (s,
1H, H-8).

4.3. N°-| sopentenyladenosine (3a)

The tetraacetata (500 mg, 0.99 mmol) was dissolved in 7M Nidi MeOH (3 ml, 21 mmol) and the
solution was left for 48 h at ambient temperatdiee final reaction mixture was evaporated in vacuum
and the residue was crystallized from water. Tioelpct was dried in vacuum ovesG2.

The vyield of3a was 124 mg, (33 %) as a white powdey;0R5 (CHCl,- EtOH, 4:1). mp 130-132
(H,0); Lit.: Mp 134-136C [16]. *H NMR (400 MHz, DMSOs): 8 = 1.66 (s, 3H, Me), 1.69 (s, 3H, Me),
3.55 (ddd, 1HJsp 55 = 12.1,Js5p 4 = 3.0,J5p,0n = 7.9, H-8b), 3.67 (ddd, 1HJsa35, = 12.1,J554 = 3.6,
Jsa0n = 4.6, H-3a), 3.96 (ddd, 1HJs 50 = 3.0, 52 = 3.6,Js 3 = 2.8, H-4), 4.14 (ddd, 1HJ3 4 = 2.8,
Jz2 = 5.3,J3.0n = 4.8, H-3), 4.08 (br s, 2H, NCEC), 4.60 (ddd, 1HJ> 3 = 5.3,J21 = 6.0,J2. 01 = 6.2,
H-2'), 5.16 (d, 1HJon 3 = 4.8, 3-OH, exchangeable withJ), 5.30 (dd, 1HJon 50 = 7.9,JoH,52 = 4.6,
5-OH, exchangeable withJ), 5.37-5.47 (m, 2H]on > = 6.2, CCH=C, 20H, exchangeable withXD),
5.87 (d, 1HJy > = 6.0, H-1), 7.82 (br s, 1H, NH, exchangeable witbQ), 8.19 (br s, 1H, H-2), 8.32 (s,
1H, H-8).°C NMR (100 MHz, DMSOdg): & = 18.48 (Me), 26.05 (Me), 38.57 (GM)), 62.24 (C-5'),
71.22 (C-3"), 74.24 (C-2'), 86.59 (C-4"), 88.82 (f5-120.13 (C-5), 121.76 (CH=), 135.44 (=CMe
140.52 (C-8), 148.77 (C-4), 153.17 (C-2), 154.97-6§C MS (APCI): miz [M+H"] calculated



[C1sH22Ns0,] 336.17, found 336.23; m/z [M-HHCOOH] calculated [GH2:NsOg] 380.16, found
380.20.

4.4. N°-Allyladenosine (3b)

Tetraacetat@b (400 mg, 0.841 mmol) was dissolved in 7M NH MeOH (2.4 ml, 16.8 mmol) and the
solution was left for 48 h at ambient temperatiitee precipitate formed was filtered off and wastsith
ether (10 ml). The product was dried in vacuum d%€s. The yield of3b was 182 mg (70%) as a white
powder; R; 0.25 (CHCl, — EtOH, 9:1).mp 165-167°C (MeOH); Lit.: Mp 167C [25]. 'H NMR (400
MHz, DMSO-dg): 3.56 (m, 1H, H-B), 3.66 (m 1H, H-&), 3.97 (m 1H, = 2.8, H} 4.15 br s CEN, H-
3), 4.62 (m, 1H, OH), 5.05 (d, = 10.3,C=CH-cis), 5.13 (m, 1H, OH), 5.15 (d,= 17.0,C=CH-trans),
5.34 (m, 1H, H-2, 5.40 (m, 1H, OH), 5.94-6.13 (m, 2H, overlappsignals ofCH,CH=C and H-1),
7.98 (br s, H, NH), 8.20 (s, 1H, H-2), 8.34 (s, 1H, H-8fC NMR (100 MHz, DMSOdg): & = 33.56
(NCH,), 61.66 (C-5"), 70.64 (C-3"), 73.49 (C-2"), 85(894"), 87.95 (C-1), 115.02 (CH=), 118.75 (C-5),
135.60 (=CH), 139.78 (C8), 152.30 (C-2), 154.49 (C-6). HRMSz [M+H] " calculated [GsH1gN5O4]
308.1353, found 308.135@yz [M+Na]" calculated [GaH17NsOsNa] 330.1173, found 330.1176.

4.5. N°-Propargyladenosine (3c)

The tetraacetat2c (500 mg, 1.06 mmol) was dissolved in 7M Nidf MeOH (3 ml, 21 mmol) and the
solution was left for 48 h at ambient temperatdiee final reaction mixture was evaporated in vacuum
and the residue was crystallized from EtOH,©HThe product was dried in vacuum ove®R

The yield of3c was 145 mg (41%) as a white powder0R3 (CHCI-EtOH, 9:1). mp 171-17€ (EtOH

- H,0); Lit.: Mp 169C [25].*H NMR (400 MHz, DMSO#dg): & = 3.01 (t, 1H,) = 2.3, HGC), 3.56 (ddd,
1H, Jsp 54 = 12.0,J5p 4 = 3.7,J5p04 = 7.2, H-3b), 3.68 (ddd, 1HJs5a 50 = 12.0,J554 = 3.9,J50.01 = 4.3,
H-5a), 3.97 (ddd, 1H)ysp = 3.7,Jy 52 = 3.9,J4.3 = 2.8, H-4), 4.16 (ddd, 1HJ3 4 = 2.8,J3.2 = 5.0,J3 0H

= 4.7, H-3), 4.29 (br s, 2H, NCKPh), 4.60 (ddd, 1H)y 3 = 5.0,J2.1 = 5.9,J 01 = 6.2, H-2), 5.14 (d,
1H, Jonsz = 4.7, 3OH, exchangeable with J0), 5.28(dd, 1H,Jonsp = 7.2, Jonsa = 4.3, 3OH,
exchangeable with 1®), 5.41 (d, 1HJon 2 = 6.2, 2-OH, exchangeable with D), 5.90 (d, 1HJy » =
5.9, H-1), 8.18 (br s, 1H, NH, exchangeable with), 8.28 (br s, 1H, H-2), 8.39 (s, 1H, H-8C NMR
(100 MHz, DMSO#dg): 6 = 29.38 (CHN), 61.69 (C-5", 70.67 (C-3"), 72.47 (HY; 73.66 (C-2"), 81.88 (-
C=), 85.94 (C-4"), 88.03 (C-1"), 119.93 (C-5), 140(L58), 148.88 (C-4), 152.32 (C-2), 154.07 (C-6BM
(APCI): m/z [M+H"] calculated [GsH16N5O4] 306.12, found 306.20; m/z [M-HHCOOH] calculated
[C14H16NsOg] 350.11, found 350.14.



4.6. Typical procedure for preparation of nucleosides 3d-k by Mitsunobu reaction of tetraacetate 1 with
alcohols (Method B)

A mixture of1 (435 mg, 1 mmol), P® (393 mg, 1.5 mmol) and corresponding alcohol (indol) in 5

ml of THF was stirred at room temperature untilbanogeneous solution was formed. After DEAD (0.24
ml, 1.5 mmol) was added in one portion, the styynvas continued at ambient temperature. The reaactio
was monitored by TLC (silica gel, GEI,-EtOH = 97:3). If the conversion dfwas not completed after
20h, the additional portions of reagents g#halcohol and DEAD) in above indicated quantitiesre
added to achieve full conversion bf After 4-5 h, the reaction mixture was evaporaead the residue
was applied to column chromatography (silica geti,Cl,-EtOH = 97:3). Partially purified compound
was dissolved in 4M PrNHn MeOH solution (50 mmol) and was left for 24after which the mixture
was evaporated and the residue was applied to cokkhmomatography. The product was eluted with
CH.Cl>-EtOH (9:1 v/v) mixture.

4.6.1. N°-(4-Hydroxy-2-butynyl Jadenosine (3d)

The yield of3d was 203 mg (61%, white powder); ®13 (CHCl,- EtOH, 9:1). mp 160-16Z (EtOH -
H,0). *H NMR (400 MHz, DMSOs): 8 = 3.56 (ddd, 1HJsp 52 = 11.9,J51 4 = 4.1, Jsp.on = 7.0, H-3b),
3.68 (ddd, 1HJsa 5, = 12.0,J59,4 = 3.6,J55,0n = 4.6, H-3a), 3.97 (ddd, 1H)s5p = 4.1, Ja5a= 3.6, Ja 3
= 2.8, H-4), 4.02 (dt, 2H?J = 1.7,%Jch.01 = 5.8, OCHC=), 4.15 (ddd, 1H,Js 4 = 2.8,J3> = 5.1,J3.04 =
4.8, H-3), 4.32 (br s, 2H, NCKC=, H-3), 4.60 (ddd, 1HJ» 3 =5.1,J2.1 = 6.0,J20n = 6.2, H-2), 5.10
(t, ®Jvo-ch = 5.8, 0-OH, exchangeable with £), 5.17 (d, 1HJonz = 4.8, 30H, exchangeable with
D,0), 5.34 (dd, 1HJonspb = 7.0,Jon 52 = 4.6, 5-OH, exchangeable with ), 5.43 (d, 1HJon > = 6.2,
2'-OH, exchangeable with D), 5.90 (d, 1HJ; » = 6.0, H-1), 8.14 (br s, 1H, NH, exchangeable with
D,0), 8.27 (s, 1H, H-2), 8.38 (s, 1H, H-8C NMR (100 MHz, DMSOd): 5 = 29.48 (CHN), 49.12
(CH,OH), 61.70 (C-5"), 70.67 (C-3"), 73.66 (C-2'), 814&>=), 81.73 (&), 85.96 (C-4'), 88.04 (C-1),
119.94 (C-5), 140.21 (C-8), 148.83 (C-4), 152.352JC 154.06 (C-6). MS (APClHm/z [M+H"]
calculated [G4H1gNsOs] 336.13, found 336.18; m/z [M-HHCOOH] calculated [GH1sNsO7] 380.12,
found 380.14.

4.6.2. N°-(2)-(4-Hydroxy-2-butenyl )adenosine (3e)

The yield of3e was 141 mg (42%, white powder); ®43 (CHCI,-EtOH, 9:1). mp 159-16C (EtOH -
H,0). *H NMR (400 MHz, DMSOde): & = 3.55 (ddd, 1HJsb52 = 12.0,J50 4 = 3.6,J5p,01 = 7.2, H-3b),
3.67 (ddd, 1HJs5a 5, = 12.1,J5a.4 = 3.8,J55,0n= 4.6, H-32), 3.96 (ddd, 1H)y 5p = 3.6,J4 54 = 3.8,J43 =
2.8, H-4), 4.07-4.23 (m, 5H, overlapping O@EE, NCHC=, H-3), 4.60 (ddd, 1HJ, 3 = 4.9,J>1- = 6.0,
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Joon = 6.2, H-2), 4.71 (t, J = 5.3p-OH, exchangeable with 1), 5.15 (d, 1HJon 3 = 4.6, 3-OH,
exchangeable with ©), 5.37 (dd, 1HJou sy = 7.2,Jon5a = 4.6, 3-OH, exchangeable with D), 5.41
(d, 1H,Jon 2 = 6.2, 2-OH, exchangeable with D), 5.88 (d, 1H,J;. > = 6.0, H-1), 7.91 (br s, 1H, NH,
exchangeable with ), 8.20 (s, 1H, H-2), 8.34 (s, 1H, H-8JC NMR (100 MHz, DMSOdg): § = 37.86
(CH2N), 57.70 (CHOH), 62.28 (C-5", 71.26 (C-3"), 74.29 (C-2"), 8(€-4"), 88.85 (C-1"), 119.83 (C-
5), 127.99 (CH=), 132.56 (CH=), 140.75 (C-8), 183(6-4), 153.19 (C-2), 155.07 (C-6). MS (APCI):
m'z [M+H"] calculated [GsH20NsOs] 338.13, found 338.20; m/z [M-HHCOOH] -calculated
[C15H20N507] 382.12, found 382.15.

4.6.3. N°-Geranyladenosine (3f)

The yield of3f was 155 mg (39%) as a white powder0R 3 (CHCIl»-EtOH, 97:3). mp 137-14C (with
decomposition)'H NMR (400 MHz, DMSO€): § = 1.54 (s, 3H, Ch), 1.59 (s, 3H, Ch), 1.70 (s, 3H,
CH3), 1.92-1.99 (m, 2H, CHCH,CH=), 2.00-2.08 (m, 2H, CiH,CH), 3.55 (ddd, 1HJsp 4= 3.6,J5b 52
=—12.0Jonsp= 7.3, H5'D), 3.68 (ddd, 1Hgasp= 12.0,J5454 = 3.6,Jon5a= 4.6, H5'a), 3.96 (g, 1Hy 3
= 3.6,J45a= 3.6,Jy5p= 3.6 Hz, H4"), 4.09 (br s, 2H, NHGH 4.15 (ddd, 1HJ3 > =5.2,J3.4= 3.6,Jon 3
= 4.6, H3"), 4.60 (ddd, 1Hp 1= 6.1,J2 3= 5.2,Jon2 = 6.2, H2"), 5.06 (tt, 1HJch.cH2= 7.0,dcH-me= 1.4
(trans) CHCMe), 5.13 (d, 1HJon 3 = 4.6, 3'OH, exchangeable withh®), 5.31 (br. tJcy-cHz2= 6.5 Hz,
NHCH,CH), 5.36 (dd, 1HJs45,= 12.0,Jon 50 = 7.2 HZ,Jon 54 = 4.6 Hz, 5'OH, exchangeable with®),
5.39 (d, 1HJon 2> = 6.2 Hz, 2'0OH, exchangeable with@®), 5.88 (d, 1H,J; > = 6.1 Hz, H1"), 7.84 (br s,
1H, NH), 8.19 (s, 1H, H8), 8.32 (s, 1H, H3JC NMR (100 MHz, DMSOdg): & = 16.12, 17.48, 25.38,
25.94, (CH, CH,, CHs;, CHs, CHg), 37.68 (NHCH), 61.63 (C5'), 70.65 (C3'), 73.48 (C2"), 85.84'|C4
87.94 (C1", 119.75 (C5), 121.73 (CH=), 123.91 (¢HE30.75 (=C(Me)CH), 136.64 (=CMg), 139.59
(C8), 148.30 (C4), 152.27 (C2), 154.35 (C6). HRM%®z [M+H]" calculated [GoHzoNsO4] 404.2292,
found 404.2284m/z [M+Na]” calculated [GoH2oNsO4Na] 426.2112, found 426.2102.

4.6.4. N°-Neryladenosine (3g)

The yield of3g was 192 mg (48%) as a white powderQR5 (CHCIl,-EtOH, 97:3). mp 129-13C (with
decomposition)'H NMR (400 MHz, DMSO€): § = 1.58 (s, 3H, Ch), 1.64 (s, 3H, Ch), 1.67 (s, 3H,
CHg), 2.03-2.16 (m, 4H, =C(Me)Cl&H,, CH,CH,CH=), 3.55 (ddd, 1HJsp5a= 12.2,J5p4 = 3.5, J5b,0H
= 6.5, H5'D), 3.67 (ddd, 1Hpasp = 12.2,J59.4 = 3.5,J550n= 3.8, H5'a), 3.96 (q, 1Hk 3= 3.5,Jy5a=
3.5,J4 5= 3.5, H4"), 4.09 (br s, 2H, NHGM 4.15 (ddd, 1HJon 3= 4.6,J3.2 = 4.5,J3 4 = 3.5, H3"), 4.60
(ddd, 1H,J2,1 = 6.1,J23 = 4.5,Jon 2 = 6.3, H2"), 5.10-5.16 (m, 2H, overlapping 3'OH, C¥e;), 5.31
(br. t, Jcn-cHz= 6.6, NHCHCH), 5.35 (dd, 1HJon 50 = 6.5,Jon 52 = 3.8, 5'OH, exchangeable withO),
5.38 (d, 1HJon 2 = 6.3 Hz, 2'0OH, exchangeable with@®), 5.88 (d, 1HJ; » = 6.1, H1"), 7.80 (br s, 1H,

NH), 8.18 (s, 1H, H8), 8.32 (s, 1H, H2JC NMR (100 MHz, DMSOds): § = 17.52, 23.09, 25.48, 26.08,
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31.67, (CH, CH,, CH;, CHs;, CHg), 37.36 (NHCH), 61.67 (C5"), 70.64 (C3'), 73.50 (C2"), 85.88'|C4
87.95 (C1"), 119.80 (C5), 122.68 (CH=), 124.05 (¢H31.07 (=C(Me)CH), 136.85 (=CMg), 139.64
(C8), 148.30 (C4), 152.29 (C2), 154.39 (C6). HRM%®z [M+H]" calculated [GoH3NsO4] 404.2292,
found 404.2286mvz [M+Na]" calculated [GoH2oNsO4Na] 426.2112, found 426.2105.

4.6.5. N°-[(9-(-)-Perillyl] -adenosine (3h)

The yield of3h was 241 mg (60%) as a white powderPR.1 (CHCl,-EtOH, 97:3). mp 158-16C (with
decomposition)!H NMR (400 MHz, DMSOs): 8 = 1.32—1.45 (m, 1H, H-perillyl), 1.68 (s, 3H, GH
perillyl), 1.71-1.91 (m, 2H, CHperillyl), 1.98-2.13 (m, 4H, 2xChperillyl), 3.55 (dd, 1HJsp 52= 12.1,
Jsv,.2= 3.2, H5'D), 3.68 (dd, 1Hpa s, = 12.1J55 4= 3.4, H5'a), 3.96 (ddd, 1H4 3= 3.3,J4 5a= 3.4,d4 51
= 3.2, H4"), 4.03 (br.s, 2H, NHGM 4.12-4.18 (m, 1H, H3'), 4.62 (dd, 1841 = 6.1,J, 3 = 5.2, H2),
4.68 (s, 2H, C(CE)=CH, - perillyl), 5.13 (br s, 1H, 3'OH, exchangeablghnD,O), 5.43-5.30 (m, 2H,
overlapping 5'OH, =CHCHt perillyl), 5.53 (br s, 1H, 2'0OH, exchangeable wit40O), 5.88 (d, 1H,); > =
6.1, H1'), 7.89 (br s, 1H, NH), 8.19 (s, 1H, H8B38(s, 1H, H2)*C NMR (100 MHz, DMSOd): & =
20.54, 26.57, 27.06, 29.81, (gHCH,, CH,, CHs), 40.52 (CHC(Me)=), 44.53 (NHGH 61.65 (C5"),
70.63 (C3), 73.42 (C2"), 85.88 (C4"), 87.94 (C108.77 (CH(Me)C=CH), 119.68 (C5), 120.23 (=CH),
134.77 (C(Me)=), 139.67 (C8), 148.32 (C4), 149.861CH,C=), 152.28 (C2), 154.68 (C6). HRMS8vz
[M+H]" calculated [GoH2eNsO4] 402.2136, found 402.213%/z [M+Na]" calculated [GoH27;NsOsNa]
424.1955, found 424.1948.

4.6.6. N°-[ (1R)-(-)-Myrtenyl] -adenosine (3i)

The yield of3i was 130 mg (33%) as white foam;(R11 (CHCl,-EtOH, 97:3). mp 168-16€. '*H NMR
(400 MHz, DMSO¢): 6 = 0.76 (s, 3H, Cgtmyr), 1.10 (d, 1HJ = 8.4, H-myrtenyl), 1.22 (s, 3H, GH
myrtenyl), 2.26—2.00 (m, 4H, myrtenyl), 2.34 (dH,1JcHaqb = 8.4, JcHa-cH1 = JcHa-cH2= 5.7, CHHy-
myrtenyl), 3.55 (ddd, 1HJ)sp5a= 12.1,J5p4 = 3.7 HZz,Jonsp = 7.3, H5'b), 3.67 (ddd, 1Hga s, = 12.1,
Jonsa= 4.3,J5a4 = 3.7, H5'a), 3.96 (td, 1Hly 3 = 3.4, 452 = 3.7, Jasp = 3.7, H4"), 4.07 (br.s, 2H,
NHCH,), 4.14 (ddd, 1HJ3.» = 4.7,J3.4 = 3.7,Jonz = 4.6, H3'), 4.62 (ddd, 1H, 1 = 6.3 Hz,Jo 3= 4.7
Hz, Jon2 = 6.2 Hz, H2"), 5.13 (d, 1Hlon 3 = 4.6 Hz, 3'OH, exchangeable with@®), 5.32-5.38 (m, 2H,
overlaping =CH-myrtenyl, 5'0OH), 5.39 (d, 1Bty > = 6.2 Hz, 2'0OH), 5.88 (d, 1Hj, » = 6.3 Hz, H1'),
7.83 (br s, 1H, NH), 8.17 (s, 1H, H8), 8.32 (s, H2). **C NMR (100 MHz, DMSOdg): 5 = 20.89,
26.04, 30.61, 31.02, 37.61, 43.29, (myrtenyl), 83(RHCH,), 61.65 (C5"), 70.63 (C3"), 73.40 (C2),
85.87 (C4"), 87.88 (C1"), 116.41 (=CH&H, 119.55 (C5), 139.61 (C8), 145.30 (NHLH), 148.50
(C4), 152.20 (C2), 154.65 (C6). HRM&/z [M+H] " calculated [GoH2gNs04] 402.2136, found 402.2133;
m/z [M+Na]" calculated [GoH27NsOsNa] 424.1955, found 424.1946.
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4.6.7. N°-(Cyclopropylmethyl)adenosine (3)

The yield of3j was 110 mg (36%) as a white powder=m.08 (CHCl,-EtOH, 97:3). mp 176-17C. *H
NMR (400 MHz, DMSO#): 5 = 0.27 (td, 2H,JcrzcHe= 5.8 Hz,Jeroch= 4.2 Hz, CH-cyclopropyl), 0.41
(td, 2H, Jch2cH2= 6.0 HZz,JcHocn= 4.2 Hz,_ CH-cyclopropyl), 1.21-1.08 (m, 1H, NHGBH), 3.17 (d,
1H, Jon 2 = 5.5 Hz, 2'OH), 3.37 (br s, 1H, 3'OH, exchangeatith D,O), 3.55 (ddd, 1HJsu4 = 3.5 Hz,
Jsb,5a= 12.0 Hz,Jon sp = 6.8 Hz, H5'b), 3.68 (ddd, 1Hga 4= 4.0 Hz,Jsasp= 12.0 Hz,Jopsa= 4.9 Hz,
H5'a), 3.95 (ddd, 1Hly 3= 7.2 Hz,ds 5a= 4.0 Hz,Jy 5= 3.5 Hz, H4'), 4.15 (ddly > = 4.7 Hz,J3 4= 7.4
Hz, H3'), 4.51 (dd, 1HJonsa= 4.9 Hz,Jor s = 6.8 Hz, 5'OH), 4.61 (ddd, 1K1 = 6.0 Hz,Jp 5= 4.7
Hz, Jonz = 5.5 Hz, H2'), 5.48-5.34 (m, 2H, NHGK5.90 (d, 1HJ;» = 6.0 Hz, H1'), 7.88 (br s, 1H,
NH), 8.18 (s, 1H, H8), 8.33 (s, 1H, HZYC NMR (100 MHz, DMSOdg): & =3.21 (CH, CH,), 11.13
(CH,CH), 43.97 (NHCH), 61.66 (C5"), 70.63 (C3'), 73.46 (C2'), 85.88'|C&7.96 (C1'), 119.68 (C5),
139.63 (C8), 148.39 (C4), 152.29 (C2), 154.64 (GHRMS: m/z [M+H]" calculated [GsH2oNsO4]
322.1509, found 322.1516yz [M+Na]" calculated [G4H19N50sNa] 344.1329, found 344.1326.

4.6.8. N°-(Tetrahydropyran-2-methyl)-adenosine (3k)

The yield of3e was 187 mg (51%) as a white powdey;=R0.02 (CHCIl,- EtOH, 97:3). mp 145-14C.
'H NMR (400 MHz, DMSOdg): & = 1.85-1.13 (m, 6H, tetrahydropyran), 3.37-3.25, (b,
tetrahydropyran, overlaping with,D), 3.50-3.40 (m, 1H, tetrahydropyran), 3.51 (b2id, NHCH),
3.57 (ddd, 1HJsp4 = 3.6 Hz,Jsp5a= — 12.1 HzJonsp = 6.9 Hz, H5'b), 3.68 (ddd, 1Hg.4 = 3.8 Hz,
Jsasp=— 12.1 HzJonsa= 4.4 Hz, H5'a), 3.90-3.83 (m, 1H, tetrahydropyr&?96 (ddd, 1HJy 3 = 3.4
Hz, Jy5a= 3.4 HZ,J4 5= 3.4 Hz, H4"), 4.15 (ddd, 1H3 2> = 4.7 Hz,J3 4= 3.2 Hz,Jon 3 = 4.6 Hz, H3),
4.61 (dd, 1HJo 1= 6.0 Hz,J».3 = 4.7 Hz,Jon 2 = 6.2 Hz, H2'), 5.13 (d, 1Hlon 3 = 4.6 Hz, 3'OH), 5.34
(dd, 1H,Jonsn = 6.9 Hz,Jon 5a = 4.4 Hz, 5'OH), 5.39 (d, 1Hpn 2> = 6.2 Hz, 2'0OH), 5.88 (d, 1Hy » =
6.1 Hz, H1'), 7.59 (br s, 1H, NH), 8.20 (s, 1H, HB34 (s, 1H, H2)"*C NMR (100 MHz, DMSQd): &
= 29.07, 25.65, 22.59 (tetrahydropyran), 44.67 (WHC 61.64 (C5'), 67.26 (tetrahydropyran), 70.61
(C3Y), 73.47 (C2"), 75.48 (NHCEHO tetrahydropyran), 85.87 (C4'), 87.94 (C1"), .6TXC5), 139.76
(C8), 148.32 (C4), 152.25 (C2), 154.64 (C6). HRM%®z [M+H]" calculated [GeH24NsO0s] 366.1772,
found 366.1768mVz [M+Na]" calculated [GsH23Ns0sNa] 388.1591, found 388.1586.

4.7. N°1sopentenyladenine (4a)

Compound4a was obtained by the enzymatic phosphorolysis3afin the presence oE. Coli
Recombinant Purine Nucleoside Phosphoryl&yé&) in KH.PO, buffer (pH 7.5) [10].

The yield of4a was 15 mg (50%) as a white powdef;(R43 (CHCl-EtOH, 9:1). mp218-226C. *H
NMR (400 MHz, DMSOsg): 6 = 1.67 (s, 3H, Me), 1.70 (s, 3H, Me), 4.08 (btld, NCH,), 5.31 (s, 1H,

HC=C), 7.55 (br s, 1H, NH), 8.04 (s, 1H, H-2), 8(861H, H-8), 12.84 (br s, 1H, NH).
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4.8. Procedure for preparation of nucleobases 4b-c by acid hydrolysis of nucleosides 3b-c

The solution of corresponding nucleositec (0.2 mmol) in 0.5MHCI (2.5 ml, 1.26 mmol) was stirred
at 100T for 8 h. The reaction was monitored by TLC. (anétde - 25% ammonia, 9:1). When the traces
of initial nucleoside3 had disappeared, the reaction was cooled downnanttalized to pH 7 with
concentrated Nk The resulting precipitate was filtered, washethwbld water (2x5 ml), acetone (2x5

ml) and dried in vacuum ovep®s.

4.8.1. N°-Allyladenine (4b)

The yield of4b was 26 mg (70%) as a white powderORI5 (acetonitrile-ammonia, 9:1). mp 223-2¢4
'H NMR (400 MHz, DMSO#ds): 8 = 4.16 (br s, B, NCH,), 5.06 (d, 1H3J = 9.5 Hz,C=CH-cis), 5.17 (d,
1H, 3J = 17 Hz,C=CH-trans), 5.93-6.00 (m, 1H, -CH#,), 7.71 (br s, 1H, H-6), 8.07 (s, 1H, H-2), 8.17
(s, 1H, H-8), 12.87 (br s, 1H, 9-NH}C NMR (100 MHz, DMSOde): 5 = 41.94 (CH), 114.96 (=CH),
135.91 (=CH), 138.73 (C-8), 149.83 (C-4), 152.30 (C-2), 154265).

4.8.2. N°-Propargyladenine (4c)

The yield of4c was 35 mg (94%) as a white powdey;,0067 (acetonitrile — 25% ammonia, 9:Ihp 255
°C (with decomposition)'H NMR (400 MHz, DMSOs): & = 3.01 (s, 1H=CH), 4.30 (s, 2H, Cb), 7.92
(br s, 1H, H-9), 8.12 (s, 1H, H-2), 8.24 (s, 1H8H-12.96 (br s, 1H, NH)*C NMR (100 MHz, DMSO-
dg): 6 = 29.26 (CHN), 72.38 (HZ), 82.01 (-G), 117.95 (C-5), 139.51 (C-8), 147.58 (C-4), 152(@6
2), 153.23 (C-6).

4.9. N°-Acetyl-N°-(hex-5-en-2-ynyl)-2’,3",5'-tri-O-acetyladenosine (5)

The reaction was carried out in, ldtmosphere using standard Schlenk technique. Aunebof 2c (500
mg, 1.06 mmol), CuCl (105 mg, 1.06 mmol),GOs (292 mg, 2.12 mmol), BNBr (34 mg, 0.106
mmol), CH=CHCH,Br (0.1 ml, 1.16 mmol) and DMF (5 ml) was stirredraom temperature in N
atmosphere for 16 h. Subsequently, the flask waseg and stirring was continued for an additionial 8
The mixture was diluted with AcOEt (150 ml) and Wwed successively with water (30 ml) and 0.1 M
water solution of disodium EDTA (3x30 ml). The ongalayer was separated, dried over,8la, and
evaporated. The residue was applied to column chat@gnaphy on silica gel.

The yield of5 was 477 mg (88 %) as a foaR;0.47 (CHCl,-EtOH, 25:1).*H NMR (400 MHz, CDCJ):

§ = 2.10 (s, 3H, AcO), 2.13 (s, 3H, AcO), 2.16 (d, 2cO), 2.37 (s, 3H, AcN), 2.80-2.86 (13,= 5.1,%
=2 and 1.6 = 2.2, H, =CCH,C=), 4.40 (dd, 1HJsp 52 = 12.9,J56.4 = 5.3, H-8b), 4.48 (dd, 1HJ5a 50
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=12.9,J504 = 3.1, H-33), 4.48 (ddd, 1HJs 5 = 5.3,J504 = 3.1,J4.5 = 4.7, H-4), 4.97 (ddt, H,23=1.7,
3)=10,J = 1.6,C=CH-trans), 5.06 (ddt, H, %) = 1.7,3) = 17.1,J = 2, C=CH-cis), 5.10 (t, ¥, °J = 2.2,
NCH,), 5.65 (ddt, H, 3J = 5.1, 10 and 17.1;H,CH=C), 5.69 (dd, 1HJ3 4 = 4.7,J3.» = 5.6, H-3), 5.97
(dd, 1H,Jy.3 = 5.6,J.1 = 5.0, H-2), 6.25 (d, 1HJy > = 5.0, H-1), 8.20 (s, 1H, H-2), 8.81 (s, 1H, H-8).
¥C NMR (100 MHz, CDG)): 5 = 20.50 (AcO), 20.62 (AcO), 20.85 (AcO), 23.08 ()A23.08 (CH),
37.06 (NCH), 63.11 (C-5'), 70.65 (C-3'), 70.7%G-), 73.28 (C-2'), 77.79 (), 80.54 (C-4"), 86.90 (C-
1Y), 116.02 (-C=), 132.32 (=GH 138.50 (C-4), 142.19 (C-8), 152.34 (C-2), 152(Z26), 169.47 (CO),
169.67 (CO), 170.39 (CO), 170.45 (C®)S (APCI): m'z [M+H]" calculated [G4H2eNsO] 514.19, found
514.75.

4.10. N°-Acetyl-N°-(6-Methyl hept-5-en-2-ynyl)-2’,3",5"-tri-O-acetyl adenosine (6)

The reaction was carried out i, Btmosphere using standard Schlenk technique. Sktiorad mixture of
2c¢ (500 mg, 1.06 mmol), CuClI (105 mg, 1.06 mmolYCiKs; (292 mg, 2.12 mmol) and BNBr (34 mg
0.106 mmol) in DMF (5 ml), 80% solution of isopeettyl bromide in toluene (0.274 ml, 2.33 mmol) was
added in one portion. The reaction mixture wasestiat room temperature for 48 h, after which iswa
diluted with AcOEt (150 ml) and washed successiweith water (30 ml) and 0.1 M water solution of
disodium EDTA (3x30 ml). The extract was dried o&SO, and evaporated. The residue was applied
to column chromatography on silica gel.

The yield of6 was 417 mg (72 %) as a foam;@5 (CHCl-EtOH, 25:1)*H NMR (400 MHz, CDCJ): &

= 1.49 (s, B, Me), 1.62 (d, 31, “J = 1, Me), 2.10 (s, 3H, AcO), 2.13 (s, 3H, AcO), 2.16 (8, AcO),
2.36 (s, 3H, AcN), 2.74 (M2 %3 = 6.9,°J = 2.2,=CCH,C=), 4.39 (dd, 1HJs5p 52 = 12.9,J50.4 = 5.4, H-
5'b), 4.47 (dd, 1HJs5a50 = 12.9,J5a4 = 3, H-8a), 4.48 (ddd, 1HJs 50 = 5.4,J504 = 3,J43 = 4.7, H-4),
5.00 (m, H, % =10,%J = 1,CH,CH=C), 5.05 (t, H, °J = 2.2, NCH), 5.69 (dd, 1HJs 4+ = 4.7,J3.» = 5.6,
H-3), 5.97 (dd, 1HJ)> 3 =5.6,J>1 = 5.1, H-2), 6.25 (d, 1HJ;» = 5.1, H-1), 8.20 (s, 1H, H-2), 8.81 (s,
1H, H-8).2°C NMR (100 MHz, CDGJ): & = 17.86 (Me), 20.33 (AcO), 20.44 (AcO), 20.66 (Ac@4.21
(NAc), 25.54 (Me), 45.56 (NC}), 45.56 (CH), 62.95 (C5"), 70.63=C-), 70.67 (-&), 70.46 (C-3"),
73.12 (C-2", 80.30 (C-4'), 86.81 (C-1"), 120.1GH=), 127.55 (C-5), 135.75 (CMe 142.15 (C-8),
152.19 (C-2), 152.48 (C-4), 153.83 (C-6), 169.30)C169.52 (CO), 170.21 (CO), 171.15 (CO). MS
(APCI): m/z [M+H]" calculated [GeH31NsOg] 542.22, found 542.22.

4.11. N°®-(Hex-5-en-2-ynyl)adenosine (7)

Compound5 (1.2 g, 2.34 mmol) was dissolved in 7M Nith MeOH (6.7 ml, 46.8 mmol) and the
solution was left for 48 h at room temperature. Tdection mixture was evaporated and the residige wa
treated with 5ml of cold MeOH. The solid was fikdr washed with MeOH (5 ml) and dried in vacuum

overP,0s.
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The yield of7 was 609 mg (75%) as a white powder;0R8 (CHCI»-EtOH, 9:1). mp 136-13€. H
NMR (400 MHz, DMSO#ds + D,O): 6 = 2.95 (m, 2H%J =5,%)= 1.4 and 1.7, -CyCH=), ), 3.56 (dd, 1H,
Jsasp = 12.5,J5a4 = 3.3, H-3a), 3.67 (dd, 1HJsp 54 = 12.5,J50.4 = 3.4, H-8b, 3.97 (ddd, 1HJs 51 = 3.4,
Jysa= 3.3,d43 = 2.9, H-4), 4.15 (dd, 1HJz 4 = 2.9,J3.» = 5.3, H-3), 4.31 (broad s, 2H, NG} 4.61
(dd, 1H,J» 3 = 5.3,J».1 = 6.0, H-2), 5.05 (ddt, 1H%J = 1.7,%J = 10,%J = 1.7, C=CH-trans), 5.26 (ddlt,
1H, % = 1.7,3) = 17.3,%) = 1.4, €=CH-<is), 5.15 (d, 1H, ®H), 5.32 (dd, 1H, ®H), 5.42 (d, 1H,
2'0H), 5.77 (ddt, 1H3 =5, 10 and 17.3;H,CH=C), 5.90 (d, 1HJ; » = 6.0, H-1), 8.18 (br s, 1H, NH),
8.27(br s, 1H, H-2), 8.39 (s, 1H, H-8FC NMR (100 MHz, CDGJ): 5 = 22.26 (CH), 29.44 (NCH),
61.58 (C-5'), 70.55 (C-3'), 73.50 (C-2'), 78.EL(), 80.34 (-€), 85.81 (C-4"), 87.88 (C-1'), 115.79 (-
CH=), 119.80 (C-5), 132.95 (=GH 140.02 (C-8), 148.72 (C-4), 152.19 (C-2), 15387). MS (APCI):
m/z [M+H] * calculated [GsH20Ns04] 346.14, found 346.25.

4.12. N°-(6-Methyl hept-5-en-2-ynyl)adenosine (8)

Compound6 (1 g, 1.9 mmol) was dissolved in 7M Mih MeOH (5.6 ml, 40.7 mmol) and the solution
was left for 48 h at room temperature. The reactioxture was evaporated and the residue was treated
with 5 ml of cold MeOH. The solid was filtered, viiesl with MeOH (5 ml) and dried in vacuum over
P20s.

The yield of8 was 510 mg (76%) as a white powder;0R67 (CHCIl»-EtOH, 4:1). mp 128-13C. *H
NMR (400 MHz, DMSOdg + D,0): & = 1.55 (s, 3HMe), 1.64 (d, 3H*J = 1,Me), 2.85 (d, 2H>J = 6.8,
C-CH,-CH=), 3.55 (dd, 1HJsa 5, = 12.2,J554 = 3.5, H-8a), 3.65 (dd, 1HJsp 55 = 12.2,J5p 4 = 3.4, H-
5'b), 3.98 (ddd, 1HJy5p = 3.4,y 52 = 3.5,d43 = 2.8, H-4), 4.14 (dd, 1HJ3 4 = 2.8,J3> = 4.9, H-3),
4.25 (br s, 2H, NCh), 4.56 (dd, 1HJy3 = 4.9,J 1 = 6.2, H-2), 5.09 (m, 1H,%) = 6.8,%) = 1,
CH,CH=C) 5.86 (d, 1HJ;.» = 6.2, H-1), 8.23 (br s, 1H, H-2), 8.3%,(1H, H-8)."*C NMR (100 MHz,
DMSO-t): 6 = 17.16 (Me), 25.09 (Me), 29.07 (GH 29.38 (NCH), 61.64 (C5"), 70.54 (C-3"), 70.61
(=C-), 73.42 (-&), 73.51 (C-2"), 85.84 (C-4"), 87.89 (C-1"), 105(6BH=), 119.09 (C-5), 139.85 (CMe
143.20 (C-8), 149.05 (C-4), 152.33 (C-2), 156.13-6§C MS (APCI):: m/z [M+H] calculated
[C18H24N504] 374.41, found 374.30.

5. Antiviral assays

RD (rhabdomyosarcoma) cells were obtained fromBEbmpean Collection of Cell Cultures and were
maintained in minimal essential medium (Gibco) depented with 10% heat-inactivated fetal bovine
serum (FBS), 1% sodium bicarbonate (Gibco) andLigtutamine (Gibco). Cells were grown at 37°C
and 5% CQ. EV71 strains that originated from Taiwan weresagyous gift from Dr. Shih-Cheng Chang

(Chang Gung University, Taoyuan, Taiwan). Strain88{0 461 #812 was acquired from National
15



Collection of Pathogenic Viruses (NCPV). Strain 163vas a kind gift from the National Institute for
Public Health and the Environment (RIVM, The Netheds). EV71 strain BrCr was kindly provided by
F. van Kuppeveld (UMCU, The Netherlands). PoliosirlB3 was a gift from J. Martin
(NIBSC,Hertfordshire, UK). All other viruses belad)to the virus collection of the Rega Institute fo
Medical Research

The antiviral assay for HCV was essentially perfednas described by Manfroni et al. [26] while tioat
chikungunya virus was performed as described bya@eet al. [27]. The antiviral assay for EV7 was
performed as described by Tijsma et al [28] BrieRp cells, grown to confluence in 96-well micretit
plates were infected with ~100 CGlof EV71 and were treated with a dilution serieshd different
compounds. Cultures were incubated for three dag3 &€ (5% CQ) after which residual cell viability
was quantified using an MTS readout method accgrtbrthe manufacturers’ instructions (Promega). A
similar assay setup was used for the other viruddsough with different cell lines (BGM cells ftine
polioviruses as well as echovirus 11, Vero cells Goxsackievirus B3, and HelLa cells for the human

rhinoviruses).
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LIST OF CAPTIONS
Scheme 1. Synthesis of adenosine derivatives with unsatdrsfesubstituents. Reagents and conditions:
(i) Method A: RX, K,CO;, DMF, room temperature, 16 fij) Method B: ROH, PhP, DEAD, THF,
room temperature, 20 (iji) 7M NHs in MeOH, room temperature, 48 (iv) 4M PrNH;, in MeOH, room
temperature, 24 hy) 0.5M HCI, 100<C, 8 h;(vi) enzymatic phosphorolysi&.(coli PNP, KH,PQ,, pH
7.5).
Scheme 2. Allylation of acetylenic adenosine derivativ@c. Reagents and conditions(i)
(R2).C=CHCH.Br, K,CO;, CuCl, BuNBr, DMF, room temperature, 16 ij) 7M NHz in MeOH, room
temperature, 48 h.
Fig. 1. Numeration of carbon atoms Mf-substituents of compoun&sands.
Table 1. Antiviral effect on the replication of EV71 straBrCr in RD cells.

Table 2. Antiviral effect of3a and7 against a selection of enteroviruses.

Table 3. Antiviral effect of3a and7 against a selection of EV71 clinical isolates.
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Ten new N°-substituted adenosines have been synthesized.

N°-isopenthenyl adenosine exerts antiviral effect on the replication of EV71.

The structure-activity relationship for N°-substituted adenosines has been studied.
The dlylation of N°-propargyladenosine in the presence of Cu(l) was devel oped.

N°-(5-Hexene-2-yne-1-yl)adenosine exhibits the highest selectivity index.



TABLES

Tablel

Antiviral effect on the replication of EV71 straBrCr in RD cells.
Compound name Ggt SD*'  EC,,+ SD*F S|

3a  N%isopenthenyladenosine 57+£0.3 1.0€.2 5.7

4a  NP-isopenthenyladenine ND >492 ND

3b  Nlallyladenosine 78 + 20 7.1%6 11

4b  NP-allyladenine ND >571 ND

3c N°-propargyladenosine 166 + 15 >166 ND

4c N°-propargyladenine ND >577 ND

3d  N*(4-hydroxy-2-butynyl) ND >298 ND
adenosine

3e  N-(2-(4-hydroxy-2-butenyl) 122+ 25 4.79.7 26
adenosine

3f  N°-geranyladenosine 174 +10 >124 NA

3g  NP-neryladenosine >372 >124 NA

3h  N°<(S)-(-)-perillyladenosine 307 +7 >125 NA

3i N°-(1R)-(-)-myrtenyladenosine >374 >125 NA

3 N°-cyclopropylmethyladenosine 22 +3 46+0.8 5

3k N°(tetrahydropyran-2-methyl) >274 33+5 >8
adenosine

7 N-(5-hexene-2-yne-1- >434 4345  >101
yl)adenosine

g N-(2-methylhept-2-en-4-yne-1- 5402 >335 NA

yl) adenosine

& All values are inuM and are based on at least three independentrdspense curves.
®On rhabdomyosarcoma (RD) cells

¢Selectivity Index (SI); SI=C&/ECs,

ND = Not Determined; NA = Not Active within testednge



Table?2

Antiviral effect of3a and7 against a selection of enteroviruses.

ECso + SDF
Virus Type Strain
3a 7
EV 71 BrCr 1.0+0.2 43+15
1 >298 >362
PV 2 Sabin >298 >290
3 >298 >290
Ccv B3 Nancy >298 >290
ECHO 11 Gregory >224 230 £45
2 >298 >290
hRV /
14 >298 >290

2 All values are iruM and are based on at least three independentrdepense curves. EV = enterovirus, PV = poliovirus,
CV = Coxsackievirus, ECHO = echovirus, hRV = humliainovirus



Table3

Antiviral effect of3a and7 against a selection of EV71 clinical isolates.

EGst SD’
Genogroup Strain Genbank
3a 7

B2 11316 AB575927 20+0.1 8.0+£2.0
BE TW/96016/08 GQ231942 23+0.6 12+3

TW/70902/08 GQ231936 25+05 17+4
C2 H08300 461/812 — 1.2+£0.2 09+1.8

TW/1956/05 GQ231926 15+0.2 39+1.1
c4 TW/2429/04 GQ231927 14+05 45+1.3

All values are inuM and are based on at least three independentrdepense curves.
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room temperature, 20 iji) 7M NHs in MeOH, room temperature, 48 (iv) 4M PrNH, in MeOH, room
temperature, 24 hy) 0.5M HCI, 100<C, 8 h;(vi) enzymatic phosphorolysi&.(coli PNP, KH,PO,, pH
7.5).



R
R1N/\ R1N % / 2
N X N S
N N
< < I
R0 N" RO N™ >N
RO OR; RO ORy
2c Ry =Ac 5Ry=Ac; R,=H

) 6 Ry =Ac; R, =Me
1l
7 R1 =H; R2 =H
8 R1 =H; R2 = Me
Scheme 2. Allylation of acetylenic adenosine derivativ@c. Reagents and conditions(i)

(R2).C=CHCH.BTr, K,CO;, CuCl, BuNBr, DMF, room temperature, 16 ij) 7M NHz in MeOH, room

temperature, 48 h.



Fig. 1. Numeration of carbon atoms Mf-substituents of compoun&sands.



Chemical modification of the plant isoprenoid cytokinin N°-isopentenyladenosine yields a selective
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'H and *3C (with complete proton decoupling) NMR spectra were recorded on Bruker AMX 400 NMR instrument at 300 K relative to the residual
solvent signals as internal standards (CDCls, 1H: 6 = 7.26, 13C: 6 = 77.16; DMSO-dg, 1H: 6 = 2.50, 13C: 6 = 39.52; CD30D, 1H: 6 =3.31, 13C: 8 =
49.00). *H-NMR-spectra were recorded at 400 MHz and **C-NMR-spectra at 100 MHz.



Table.*H-NMR data for compounds 5-8.

1 1 [
2 6 2
NS, 5 34
b
H atom 5 7 6 8
1-H t, 2H s (broad), 2H t, 2H s (broad), 2H
6=5.1ppm 6 =4.29 ppm 6 =5.05 ppm 6 =4.25 ppm
*Jinan = 2.2 Hz *Jinan=2.2 Hz
4H m, 2H m, 2H m, 2H d, 2H
5 =2.83 ppm 6 =2.92 ppm 6 =274 ppm 6 =2.85ppm
aman =22 Hz Jarrn = 2.2 Hz
snen=1.6 Hz Vpnen = 1.4 Hz 3snsH=6.9Hz J4nsH = 6.8 Hz
Vpnen=2Hz Vpnen =17 Hz
$J4nsn = 5.1 Hz $)snsn=5Hz
- ddt, 1H ddt, 1H m, 1H m, 1H
4 =5.65 ppm 6 =5.73 ppm 6 =5.00 ppm 6 =5.09 ppm
35144 = 5.1 Hz $Js.h4 =5 Hz snzn=1Hz snzn=1Hz
$J5.m.6.4 = 10 Hz $J5.1.6.4 = 10 Hz 35144 = 6.9 Hz Js.14 = 6.8 Hz
$Js.men = 17.1 Hz $Js.men = 17.3 Hz
6-Hy ot ddt, 1H ddt, 1H
5 =4.97 ppm 6 =4.57 ppm
“Jetan = 1.6 Hz Jeran = 1.7 Hz
Jem5. = 10 Hz J6.m5. = 10 Hz
2Jenen = 1.7 Hz 2Jenen =17 Hz
6-Ho* ddt, 1H ddt, 1H
5 =5.06 ppm 6 =5.21 ppm
Jetan =2 Hz etan = 1.4 Hz
$Jemsn = 17.1 Hz $Jemsn = 17.3 Hz
2Jenen =17 Hz 2Jenen =17 Hz
7.4 d, 3H d, 3H
6 =1.62 ppm 6 =1.64 ppm
rnsn=1Hz rnsn=1Hz
8-H s, 3H s, 3H
6 =1.49 ppm 6 =1.55ppm

*relatively to the alkyl substituent at double bond
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