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Abstract

Kinetin riboside and its four base-modified analegwere synthesized and their structures in
solution were examined by multinuclear 1D and 2Dakde-temperature NMR techniques.

At lowered temperature kinetin riboside was foum@xist as a mixture of two distinct
conformers resulting from the restricted rotatioouad the C6-Ribond. For 8-azakinetin
riboside and 2-fluorokinetin riboside the preseatevo rotamers was observed at room

temperature.
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1. Introduction

Multinuclear 1D and 2D NMR is a valuable tool fovestigation of the dynamic
intramolecular processes in adenine derivativesr@nothers of amino-imino tautomerism
and rotation around C-N bond. It has been repdhatithe amino form of adenine is
absolutely dominant in solution, however additiosiabstitution may shift the tautomeric
amino-imino equilibrium [1]. FoN®-alkoxy-9-alkyladenines anld®-alkoxyadenosines the
imino form is more favored in all cases where tengdsm has been clearly found to exist by
'H NMR in DMSO-d at room temperature [2]. Modification Bf-methoxy-9-methyladenine
by introduction of selected substituents in ito8ipon has been shown to shift the ratio of
tautomers toward the amino tautomer as determigeti 5*C and®N NMR in DMSO-d
[3,4]. The percent amino tautomer is much highesalvents with increased dipole moment
and with the ability to take part in hydrogen borgij4].



On the other hand variable-temperature NMR tealaltps been used to demonstrate
the restricted rotation of the C62ond in N-substituted adenine derivatives. Martin and
Reese have found that the spectrumIHRC-dimethyl-2’,3"-O-isopropylideneadenosine in
CDCl; exhibits two N-methyl signals at -60 °C and one signal at 405|CThey have
interpreted it as an example of hindered interottron, with slow exchange occurring
below, and fast exchange occurring above 0 °C. Eargevon Hippel have proposed the
preferentialsyn conformation foiN®,9-dimethyladenine at low temperature in CBI.
Dodin et al. have postulated that for 9-alkfkmethyladenines the favorsgh conformer is
stabilized by RH-N7 hydrogen bonding, whereas the mianti rotamer is stabilized by
N°H-N1 bonding but destabilized by the steric intéitacof the methyl group [7]. These
authors have observed a 1:1 ratio of both rotameers-alkyl-4-methylaminopyrazolo[3,4-
d]pyrimidines (9-alkylN®-methyl-8-aza-7-deazaadenines) at -40 °C. Hindetdion of C6-
N° bond at room temperature has been reporteN¥8rdialkyladenines in DMSOgcand
CDCl; [8]. Geometrical isomerism has been also founchbgns ofH and**C NMR in
liquid ammonia containing potassium amide at -5061Ghe anions of adenine and 2-

aminopurine [9].

Novotna et al. have reported the existence of aramd 1H-imino tautomeric forms
for 2-chloroN°-furfuryladenine (Fig. 11) and 2-chloroN®-(5-methylfurfuryl)adenosine?j at
room temperature based on NMR studies perform&MB60-d; and DMF-d [10]. At
increased temperature the spectra of these compainaav only a single set of signals
attributed to a time-averaged contribution of btailtomers due to fast chemical exchange.
The C2-non-substituted congenerpN®-furfuryladenosine (kinetin riboside, KR), has
been shown to occur at room temperature only as@tautomer. The abovementioned
results motivated us to extend the described sfudi@and its selected modified analogues,
7-deazakinetin riboside (7-deazaKR; Fig4R:8-azakinetin riboside (8-azaKB), 2-
aminokinetin riboside (2-aminoKR) and 2-fluorokinetin riboside (2-fluoroKR) at various

temperatures in order to have a broader view an skreictures in solution.
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Fig. 1. Compounds discussed in ref. [10].
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Fig. 2. Synthesized compounds discussed in this paper.

2. Results and discussion
2.1. Syntheses

Kinetin riboside 8) was prepared by Nalkylation ofN®-acetyl-2’,3’,5'-ri-O-
acetyladenosine with furfuryl alcohol under Mitsbnaconditions as described [11]. In a
similar manner the analogous new compounds, 7-#getm riboside 4) and 8-azakinetin
riboside b) were synthesized starting from 7-deazaadenosibercidin;8) and 8-
azaadenosin&]), which were converted into their tetraacetal®sandl11, respectively) and
subsequently subjected to Mitsunobu reaction falidwy deacetylation of the product
formed. Compoun@ was obtained by cyclization of 5-amino-1-(2,3,5@racetyl$-D-
ribofuranosyl)-H-[1,2,3]triazole-4-carbonitrilelR) [12] with diethoxymethyl acetate and
methanolic ammonia as elaborated earlier for tiéhggis of related compounds [13].

2-Chloroadenosin€lB) was reacted with furfurylamine and diisopropylgdimine
according to the previously reported general pracetbr the synthesis of dsubstituted 2-
aminoadenosines [14], but satisfactory yield ofrésulting 2-(furfurylamino)adenosin&4)
was achieved using larger excess of furfurylamime\aith 2-methoxyethanol as solvent [15].
The synthesis of 2-aminokinetin ribosid® (as performed by the same method, making use
of 2-amino-6-chloropurine ribosid&%) as starting material. To obtain the hitherto
undescribed 2-fluorokinetin ribosidé) (6-chloro-2-fluoropurine {6) was first treated with
furfurylamine in the presence of triethylamine timed 2-fluorokinetin ((7) which was

separated from the mixture containing also 6-ch(@urfurylamino)purine. Compounty



was ribosylated and the resulting proditvas afterwards deprotected to give the desired

compound/. The synthetic route for the discussed compousndsiilined in Scheme 1.
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Scheme 1. Synthesis of compounds?7 and14. Reagents and conditions: (i) Ax, Pyr, rt—
60 °C, then imidazole, EtOH, rt; (ii) furfuryl albol, PP, DEAD, THF, rt; (iii) 25%
NH4OH, MeOH, CHCIy, rt; (iv) DEMA, 90 °C, then NBMeOH, rt; (v) furfurylamine,
DIPEA, 2-methoxyethanol, 125 °C; (vi) furfurylamireN, MeOH, 60 °C; (vii) 1,2,3,5-
tetraO-acetyl$-D-ribofuranose, p-TsOH, chlorobenzene, 145 °C;)(2&% NH,OH, MeOH,
CHCls, rt.



2.2. NMR study

Characteristic broadening of signals of the,@Fbup attached to the’tom of
adenosine has been reported previously by otherassribed to a chemical exchange
process connected to the restricted conformaticimahge [16-18]. To our knowledge,
however, studies at lower temperature in ordetbtaio separated signals of particular
conformers have not been carried out as far. IfHHEMR spectrum of kinetin ribosid&)
in DMSO-d; recorded at room temperature we observe broaalsigiN-CH, (specified as
C10H, in this paper) at 4.70 ppm and broad signal bfh\at 8.31 ppm (Table 1). In tHel
NMR spectrum o8 in acetone-glthese protons are reflected by broad signals8atgpm and
7.42 ppm, respectively (Table 2). Decreasing thgerature causes the appearance of double
signals starting from 0 °C. The spectrunBah acetone-glat -20 °C exhibits two sets of
signals corresponding to major and minor componeiiise mixture (in a ratio of
approximately 9:1, according to integration). Weenthe presence of two doublets of
doublets of C1(H, (at 4.87 and 4.82 ppm) corresponding to the preadamh conformer and
two minor doublets of doublets (at 5.34 and 5.2mpBesides, there are two triplets dEN
(major at 7.90 ppm and minor at 7.82 ppm), two leitsgof C8H (major at 8.23 ppm and
minor at 8.31 ppm) and two singlets of 62major at 8.27 ppm and minor at 8.13 ppm). The
crucial assignment of \H protons is supported Bj#-'H COSY spectrum recorded at -20 °C
showing distinct crosspeaks between the triple®&3d ppm and at 7.82 ppm and the
respective signals of C19, for both components of the mixture, but no croakpdetween
these triplets and the signals of B4Fig. 3) are observed. Proton vicinal couplingstants
(®Jun) between RH and C10H, are of 6.0 Hz and 6.7-6.9 Hz for major and minor
component, respectively. TA¥ spectrum o8 recorded at -20 °C shows two sets of signals
of C10,C6, C5, C2, C8, C11 andC14 (Table 2). In théH->N gHSQC spectrum & at -20
°C two separated one-bofid-">N correlation signals are detected: strong at fprh and
weak at 93.6 ppm. The spectrum confirmed the cogiN® and N-H for the major
component, but indicated also the coupling\dfnd N-H for the minor one (Fig. 4). This
means that both components are in one tautomeritfahe amino form. AdditionallyH-
>N gHMBC spectrum reveals the long range correlatioiN1 with N°-H and C2H at 231.4
ppm, thus unambiguously supporting for aromaticatter ofN1 (Supplementary data: Fig.
16). These results in turn clearly show the redcotation around the C62Mond in the
molecule of3 resulting in the existence sfn andanti rotamers at temperature below 0 °C
(Fig. 5). Comparison of théd NMR spectra recorded between 35 °C and -30 °&eps of 5



°C (Supplementary data: Fig. 67) reveals that hygrprotons of the ribose moiety undergo
downfield shift of frequency resonance ¢ay0.42-0.68 ppm because of increased hydrogen
bonding with the solvent. However in the case &H\the observed broad singlet at 35 °C is
shifted downfield by 0.69 ppm and at -30 °C givadeniable triplet for both components of
the mixture. This effect results from slowing doimtermolecular proton exchange leading to
the split of N-H signal with observable coupling to nearby protd¥rsalogously, the same
effect of splitting the signal depending on temp@m®is observed for C18.. It is

noteworthy that CH or C8H signals of minor conformer are shifted upfielddomnfield
respectively, compared with G2-or C8H of major component due to the anisotropic

shielding/deshielding effects of the aromatic raiduran.



Tablel

SelectedH, **C and"N NMR chemical shifts for compoun@s7 in DMSO-d; at room temperaturé;
in ppm (J in Hz)

3 (KR) 4 (7-deazaKR) 5 (8-azaKR) 6 (2-aminoKR) 7 (2-fluoroKR)
Né-H 8.31brs  8.00t(6.0) 9.52t(5.8,6.0) 7.72brs 8.881 (5.1, 5.0)
9.14 1 (6.4, 6.8) 8.61 bré
Cl10H, 4.70brs 4.70d (6.0) 4.76 d (5.9) 4.63 brs 4.62 d (8.9)
5.19d (6.7) 5.16 nf
C8H 8.38s 7.36 d (4.0) — 7.93s 8.38 bf's
8.40 bré
C7H — 6.66 d (4.0) — — —
Cl2H 6.23d 6.27 d (3.2) 6.31d (3.0) 6.24 d (3.2) 6.26 d (2.8)
(3.2) 6.33d (2.9) 6.28 br8
Cl4H  7.53dd 7.57 brs 7.56 d (0.9) 7.53dd 7.56 bré
(2.0, 0.8) 7.58 bré (2.0, 0.8) 7.54 br8
C2H 8.24s 8.15s 8.45 s — —
8.34 8§
C10 36.49 36.58 36.70 36.24 37.23
C6 154.31 155.77 154.16 154.63 155.78 (20.7)
155.59
C5 119.82 103.52 124.83 113.73 118.00
123.83
Cc2 152.25 151.20 156.84 159.92 158.48 (204.5)
156.49
C4 148.58 149.48 148.57 151.08 150.02 (20.1)
149.98
Cs8 140.01 122.37 Y 136.18 140.09
139.7%
Ci11 152.86 152.87 151.65 153.31 151.98
152.44
C12 106.65 106.80 107.29 106.62 107.11
107.46
Cl4 141.83 141.90 142.39 141.65 142.09
142.6% 142.36
C1’ 87.90 87.54 89.84 86.97 87.53
89.52
[\ 86.1 86.6 963 83.2 92.8
103.4 99.8
N7 240.3 - ndf 241.0 241.3
N9 170.3 154.6 238.3 166.4 171.8
N1 nd 226.4 230.4 rfd 195.3
N3 ncf 224.4 216.5 nd nd®
C2F — — — — 50.60
52.62

3 Major component? Minor component: Not detected.



Table?2
SelectedH, **C and"N NMR chemical shifts for compoun@s4 and6 in acetone-glat room and
low temperaturesj in ppm (J in Hz)

3 (KR) 4 (7-deazaKR) 6 (2-aminoKR)
25°C -20°C 25°C -20°C 25°C -20°C
NSé-H 7.42brs  7.901 (6.0, 6.0) 7.24brs  7.56t 7.12 brs 7.631 (6.0, 6.7
7.821(6.7,6.9) (5.4, 5.4) 7.261(5.8, 6.7)
C10H, 4.87br§ 4.87dd(6.1,15.7) 4.83dd 4.82 dd 4.74brs 4.72d (6.0)
4.82dd (6.1,15.8) (5.7,16.5) (5.6, 15.6§ 5.23 d (6.6)
5.34dd (6.9,15.8) 4.79dd 4.77 dd
5.27 dd (6.8, 15.8) (5.6, 16.5) (5.5, 15.3)
C8H 8.17 s 8.23% 7.27d 7.30d (3.6) 7.74s 7.8is
8.318 (3.6) 7.88 8
C7H — — 6.60 d 6.60d (3.7) — —
(3.6)
C2H 8.26 s 8.27% 8.19 s 8.18 s — —
8.13 8
C10 37.70 37.28 37.95 37.44 37.46 37.02
40.22
C6 155.98 155.57 157.45 157.07 156.30  155%4
156.3F 156.58
C5 122.14 121.89 106.06 105.95 116.43  115%7
120.8% 114.8F
C2 152.99 152.74 151.97 151.63 160.70  160%4
152.53 160.04
c8 141.67 141.85 125.64 126.01 138.70  138%5
141.54 nd®
C11 153.83 153.46 154.02 153.57 154.08  153%73
153.92 154.39
Cl4 142.85 142.76 142.83 141.85 142.71  142%1
143.04 142.87F
NE 83.9 85.1 84.6 85.5 82.3 831
93.6’ 90.4
N7 238.2 237.8 — — 237.6 238.0
241.9
N9 168.5 168.% 152.6 152.4 165.0 165.7
167.4
N1 2315 231.4 226.3 225.6 nd 197.6
N3 221.1 220.2 222.1 220.9 nd ndt

2 Major component’ Minor component® Signal partially overlapped with signal of 02’ Signal
overlapped with signal of C2'4. ® Not detected.
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The'H NMR spectra of 8-azakinetin ribosids) @nd 2-fluorokinetin riboside7y in
DMSO-d; recorded at room temperature (Table 1) exhibitdets of signals corresponding to
major and minor components of the mixture (apprataety 80% and 20%, respectively,
according to integration). The latter compound rimggthe electron-withdrawing substituent
in position 2 resembles the described previoudly §halogue2. We observe two doublets of
C10H; for 5 (major at 4.76 ppm and minor at 5.19 ppm) andgigoals of C10H, for 7
(major doublet at 4.62 ppm and minor one at 5.18)pignals of RH occur as two triplets
for 5 (major at 9.52 ppm and minor at 9.14 ppm), whefeas as major triplet at 8.88 ppm
and minor broad signal at 8.61 ppm. In the'H COSY spectrum d and7 recorded at 25
°C crosspeaks between both signals 9fN\and the respective signals of CHi9are present
(Fig. 6). Proton vicinal coupling constantd.;) between RH and C10H, are of 5.8-6.0 Hz
and 6.4-6.5 Hz for major and minor componenb,aespectively. Fob there are two signals
of C2H (major at 8.45 ppm and minor at 8.34 ppm), of Ell@najor at 6.31 ppm and minor
at 6.33 ppm) and of C14-(major at 7.56 ppm and minor at 7.58 ppm), whefeas of C8-

H (major at 8.38 ppm and minor at 8.40 ppm), of Eil@najor at 6.26 ppm and minor at
6.28 ppm) and of C1#+ (major at 7.56 ppm and minor at 7.54 ppm). Ti&spectrum o6
recorded at room temperature shows two sets oas@iC6, C5, C2,C4,C12,C14 andC1'.
The analogous spectrum BEhows two sets of signals 68, C11 andC14. Splitting of
signals is also detected at room temperatutelit’N gHSQC spectrum fd& (N®: major
signal at 96.3 ppm and pronounced minor one a#3m) and foi7 (N% major signal at
92.5 ppm and slightly visible minor one at 99.5 ppamd in*°F spectrum foi7 (C2+: major
signal at 50.60 ppm and minor one at 52.62 ppm)th&ke separated signals coalesce upon
heating to 80 °C (Table 3). As in the cas@at -20 °C, théH-"N gHSQC spectrum &
recorded at room temperature indicated the couplftdf and N-H for both components
(Fig. 7), suggesting the restricted rotation arotielC6-N bond and the existence of two
rotamers ob. The coupling oN® and N-H for the minor component is also observed,

although less evidently, for compouiidAnalysis of th¢H NMR spectra recorded f&rand

10



7 between 20 °C and 80 °C in steps of 5 °C revéaltsdignals of hydroxyl protons of ribose
moiety undergo upfield shift of frequency resonabgea 0.31-0.37 ppm due to breaking
hydrogen bonds with the solvent (Supplementary: d&aga 69 and 70). The observed coupled
nucleii.e. N°-H and C10H, for 5 and7 are gradually broadened loosing their splittingera
and N-H is shifted upfield by 0.41-0.47 ppm. The chandesemuency resonances of G-
and C8H of minor component fds and7, respectively, are the same as in the cage of

Table3
SelectedH, **C and"®N NMR chemical shifts for compoun&sand7 in DMSO-d; at room and
increased temperaturesin ppm (J in Hz)

5 (8-azaKR) 7 (2-fluoroKR)
25°C 80°C 25°C 80°C
NC-H 9.52t(5.8,6.0) 9.14 brs 8.881t(5.1,5.0) 8.44brs
9.14 t (6.4, 6.9 8.61 br8
C10H, 4.76 d (5.9 4.83 brs 4.62 d (8.9) 4.77
5.19d (6.7 5.16 n?
C2H 8.45 & 8.40 brs — —
8.34 8
C6 154.16 151.40 155.78 (20.7) 155.67
155.59
C5 124.63 nd° 118.00 117.65
123.83
C2 156.84 156.21 158.48 (204.5) 158.12
156.49
Cc4 148.57 nd’ 150.02 (20.1) rd
149.98
c8 — — 140.09 139.52
139.7%
Ci11 151.65 151.40 151.98 151.82
152.44
Cl4 142.19 141.69 142.09 141.56
142.6% 142.36
C1’ 89.84 89.76 87.53 87.55
89.52

2 Major component’ Minor componentt Not detected’ Signal overlapped with signal of C5'HD

11
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There is only one set of signals't, **C and*H-"*N gHSQC NMR spectra of 7-
deazakinetin ribosidet] and 2-aminokinetin ribosid&)in DMSO-d at room temperature
(Table 1). ThéH spectra show a doublet of CH3-at 4.70 ppm fo# and a broad signal of
C10H, at 4.63 ppm fob. The signal of RkH occurs at 8.00 ppm (triplet) fdrand at 7.72
ppm (broad singlet) fo8. In acetone-glthe signal of C1, for 4 appears at 4.83 ppm as two
doublets of doublets, whereas fat 4.74 ppm as a broad singlet (Table 2). TheasighN’-

H is detected fo# at 7.24 ppm (broad singlet) and tat 7.12 ppm (broad singlet). The
splitting of signals is observed upon lowering tmperature in the case @fAt -20 °C for6
there are two doublets of CH) (major at 4.72 ppm and minor at 5.23 ppm), twolets of
NC-H (major at 7.63 ppm and minor at 7.26 ppm) andgimglets of C8 (major at 7.81
ppm and minor at 7.88 ppm). THe NMR spectrum of 2-(furfurylamino)adenosirigl) in
DMSO-d; at room temperature is significantly differentrfréhat of its regioisomes. The
signal of N-CH,, for 14 occurs at 4.45 ppm and, contrary td®H, of 6, is a partially
ovelapping doublet of doublets. The signal 6HN(triplet at 6.59 ppm) is shifted upfield in
comparison with RiH of 6. These sharp signals observed¥éindicate that internal rotation

around the exocyclic C24\bond in the case of this compound is not resticte

In literature there has appeared a brief remarkupaigng that the presence of two
rotamers around the C-N bond in purine derivatmésht be misinterpreted as a tautomeric
equilibrium [1]. Our results seem to reveal thestetice of the restricted rotation in kinetin
riboside B), which is manifested by broad signals SfMland N-CH, in the'H NMR
spectrum at room temperature and by separatedsignaeH, **C and'H->N gHSQC
NMR spectra when recorded at lowered temperatugaifieantly less visible double set of
signals at -20 °C is also observed for compo&intwo sets of signals corresponding to both
rotamers occur at room temperature for nitrogemckad compound, and for compound
possessing the electron-withdrawing substituepbsition 2. On the other hand for
compound4 with nitrogen deficiency in position 7 we do ndiserve double set of signals
that could indicate decisive effect of nitrogen dtvrestricted rotation along C62Kond as in
the case of other discussed compounds. Our suggestie in some contrast to the
conclusions formulated by Novotna et al. [10], ldiger concerning however other
compounds, namellyand2. In turn, our hypothesis has been confirmed bgstivho have
reported the restricted rotation around the execyeiN bond in 8-azaadenine derivatives
the compounds related $09-(3-chlorophenylN°®-cyclopentyl-2-methylthio-8-azaadenine
[19] and 9-substituteN®-arylhydrazone-2-propylthio-8-azaadenines [20].
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3. Conclusions

Four base-modified analogues of kinetin ribosideeweepared making use of various
synthetic methodologies. Their structures as wetha structure of kinetin riboside were
examined in solution using 1D and 2D multinucledRItechniques. Separation of signals as
a result of restricted rotation around the CBbnd was demonstrated at lowered temperature
for kinetin riboside and 2-aminokinetin ribosidd)eveas at room temperature for 8-
azakinetin riboside and 2-fluorokinetin ribosidé€eTkey experimental evidence for the
existence of two rotamers was provided byHi"H COSY spectra showing for both of them
crosspeaks between the triplets 8ftand the respective signals of CHg-ii/ *H-"N
gHSQC spectra confirming for both the coupling®\band N-H. For 7-deazakinetin
riboside the double sets of signals were not oleskedue to the lack of nitrogen in the 7

position thus suggesting its crucial role for rimatrestriction along C6-Nbond.

4. Experimental

4.1. General methods

1D and 2D'H, *3C and*N NMR spectra were recorded on a Bruker Avancg00 MHz
spectrometer, equipped with 5 mm broad-band multeas (PABBO) probe in DMSOgcht
298 K. 1D'F NMR spectra were recorded on a Bruker Avanc®0l MIHz spectrometer.
Chemical shifts§) for *H and**C NMR were reported in ppm relative to the
tetramethylsilane (TMS) peak. FOF and**N NMR & were reported in ppm, relative to
trichlorofluoromethane and liquid NHespectively. Mass spectra were recorded using
Thermo Scientific QExactive mass spectrometer. -Téayer chromatography (TLC) was
carried out on Merck precoated 68 4silica gel plates, while column chromatography on
Merck silica gel 60H (40-68m). Anhydrous pyridine was prepared by drying vikitDH and
distillation with BOs. 7-Deazaadenosine, 6-chloro-2-fluoropurine, 24dddenosine, 2-
amino-6-chloropurine riboside and 1,2,3,5-téd-a&cetyl$-D-ribofuranose were purchased

from Carbosynth. Other reagents were purchased Sigma-Aldrich, Merck or Fluorochem.
4.2. 7-Amino-3-(5-D-ribofuranosyl)-3H-[ 1,2,3] triazol e[ 4,5-d] pyrimidine (8-azaadenosine, 9)

5-Amino-1-(2,3,5-triO-acetyl$-D-ribofuranosyl)-H-[1,2,3]triazole-4-carbonitrile [12]1;
801 mg, 2.18 mmol) was heated in diethoxymethytateg4 ml) at 90 °C for 7h. The
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solution was evaporated and the resulting syrupdiss®lved in methanolic ammonia (4 ml).
The mixture was allowed to react at room tempeeatwernight and the obtained suspension
was evaporated to afford crude material which was dried under vacuum at 50 °C to

remove acetamide (415 mg, 71% vieft§.NMR spectrum o8 as in lit. [21].

4.3. General procedure for acetylation reactions of compounds 8 and 9 (based on lit. [11])

To a suspension & (266 mg, 1.0 mmol) d® (268 mg, 1.0 mmol) in anhydrous pyridine (2
ml) was added acetic anhydride (1.02 g, 10 mmdlg mixture was stirred at room
temperature overnight, then at 60 °C overnight. fE#aetion was cooled down and quenched
by addition of EtOH. The volatiles were evaporatéd, residue was co-evaporated with
toluene and finally dissolved in EtOH (2.5 ml). thazole (53 mg, 0.78 mmol) was added and
the solution was stirred at room temperature for 8he solution was diluted with EtOAc (5
ml) and washed with brine (2 x 5 ml). The orgamiger was dried with N&O, and
evaporated. The residue was subjected to chronagibgron silica gel column using GEl.-
MeOH (98:2-95:5) to give solid foam df0 (369 mg, 85% yield) otl (240 mg, 55% vyield).
'H NMR data of 4-acetylamino-7-(2,3,5-B-acetyl$-D-ribofuranosyl)-7H-pyrrolo[2,3-
d]pyrimidine (10) and of 7-acetylamino-3-(2,3,5-t@-acetyl$-D-ribofuranosyl)-3H-
[1,2,3]triazole[4,5d]pyrimidine (11) are given in Supplementary data section.

4.4. General procedure for converting tetraacetates 10 and 11 into 4 and 5 (based on lit.

[11])

To a solution ofLl0 (347 mg, 0.8 mmol) okl (349 mg, 0.8 mmol) in anhydrous THF (5 ml)
were added RR (316 mg, 1.2 mmol), furfuryl alcohol (118 mg, inPnhol) and DEAD (as
40% solution in toluene; 209 mg, 1.2 mmol). The tonig was stirred at room temperature
overnight. This was sufficient to achieve complataversion ofL1, but in the case df0 the
addition one more of the same portion of all reég@nd reacting for 7 days was necessary.
The mixture was evaporated and the residue wasnatographed on silica gel column with
CH.Cl,-MeOH (99:1). The resulting partly purified matémas next treated with Gigl, (6
ml), MeOH (12 ml) and NEDH (6 ml), and stirred at room temperature ovemitjlwas

then evaporated and co-evaporated twice with t@u€he residue was subjected to column

chromatography with C}Cl,-MeOH (97:3-9:1) to give the desired product as colorless oil.

4.5. 4-Furfurylamino-7-4-D-ribofuranosyl-7H-pyrrol o] 2,3-d] pyrimidine (7-deazakinetin
riboside, 4)
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Because the attempts to crystallize compotimgtre unsuccessful, its analytical sample was
prepared by heating at 55 °C under vacuum for ticsramove acetamidéH, **C and™N

NMR data of4 are given in Table 1, Table 2 and in Supplemerdaty section. HRMS
[M+H]* calcd for GeH1gN4Os: 347.1355; found 347.1344.

4.6. 7-Furfurylamino-3-4-D-ribofuranosyl-3H-[ 1,2,3] triazol €] 4,5-d] pyrimidine (8-azakinetin
riboside, 5)

Rechromatography on silica gel column with EtOAcOM#e(95:5) afforded soli®, which
was then heated at 55 °C under vacuum for 15 arntmve acetamidéH, *C and">N NMR
data of5 are given in Table 1, Table 3 and in Supplemenrdatg section. HRMS [M+H]
calcd for GaH17NgOs: 349.1260; found 349.1249.

4.7. 2-(Furfurylamino)adenosine (14)

To a solution ofL3 (241 mg, 0.8 mmol) in 2-methoxyethanol (3 ml) wasled furfurylamine
(699 mg, 7.2 mmol) and DIPEA (931 mg, 7.2 mmoly #me whole was heated at 125 °C for
72 h, then evaporated. The residue was subjectelardéonatography on silica gel column
with CH,Cl,-MeOH (92:8-9:1) which gavel4 as the yellowish oily material. It was next
rechromatographed with EtOAc-MeOH (9:1) to obtaimite solid (194 mg, 67% yieldjH
NMR spectrum ofl4 as in lit. [15]."*C NMR data are given in Supplementary data section.

4.8. 2-Amino-N°-furfuryladenosine (6)

To a solution ofi5 (241 mg, 0.8 mmol) in 2-methoxyethanol (3 ml) wasled furfurylamine
(699 mg, 7.2 mmol) and DIPEA (931 mg, 7.2 mmol) #relwhole was heated at 125 °C for
48 h, then evaporated. The residue was chromatiogdagn silica gel column with GBI,-
MeOH (95:5-92:8) and rechromatographed with EtOAc-MeOH (9olgive6 as white

solid (278 mg, 96% yield). It was next crystallizeom EtOAc.’H, **C and™>N NMR data of
6 are given in Table 1, Table 2 and in Supplemerdatg section. HRMS [M+H]calcd for
Ci1sH19N6Os: 363.1417; found 363.1401.

4.9. 2-Fluoro-N°-furfuryladenosine (7)

To a solution ofL6 (400 mg, 2.32 mmol) in anhydrous MeOH (17 ml) \added

furfurylamine (225 mg, 2.32 mmol) and;8t(293 mg, 2.9 mmol). The mixture was stirred at
60 °C for 48 h, then concentrated under vacuum.prieeipitated product7 was separated,
washed with cooled MeOH and dried to afford 234ahgolid which was not further
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purified. The mixture of crud&7 (200 mg, 0.86 mmol), 1,2,3,5-tet@xacetyl$-D-
ribofuranose (280 mg, 0.88 mmol) and p-toluenesitfacid monohydrate (17.5 mg, 0.09
mmol) in chlorobenzene (5 ml) was heated at 14%¢?@ h. It was evaporated and the oily
residue was next chromatographed on silica gehaolwith hexane-EtOAc (2:21:3) to
isolate 119 mg o018 as solid foam. This material was treated with G-\@¢€OH-25%

NH4OH (1:2:2, 5 ml), the resulting solution was keptam temperature overnight and
evaporated. The deacetylated produatas purified by column chromatography with ChiCl
MeOH (9:1), then the obtained foam was dried unvdeuum at 55 °C for 8 h to remove the
remaining acetamide (66 mg B6f9% yield from16). The solid sample af precipitated from
its solution in MeOH-chloroform-toluene (1:2:2, 3)nthen it was dried under vacuufi,
3¢, N and™F NMR data of7 are given in Table 1, Table 3 and in Supplemerdaty
section. HRMS [M+H] calcd for GsH17NsOsF: 366.1214; found 366.1202.
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Four analogues of kinetin riboside (KR) were synthesized.

Multinuclear NMR was used to study the structure of KR and its analogues in solution.
At lowered temperature KR exists as the mixture of two conformers.

The existence of two forms was found at room temperature for 8-azakK R and 2-fluoroKR.

Conformations of studied compounds result from restricted rotation around C6-N° bond.



