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ABSTRACT:

A series of sixteen hitherto unknown Cytarabinel@n#es bearing a bicyclicHs
pyrrolo[2,3d]pyrimidin-2(7H)-one base modified with aryl, pyridyl, benzyl aal#yl
substituents was prepared in a straightforward agmbr. This is the one of the few
examples of the synthesis of pyrrolo[2{pyrimidin-2(7H)-one nucleosides and the
first example of pyrrolo[2,3]pyrimidin-2(7H)-one nucleosides possessing arabinose
moiety. For the first time, the conversion of thedpyrimidine arabinoside products
to a series of novel pyrrolopyrimidines by ammosayreaction was thoroughly
investigated using aqueous and methanolic reacomditions under classical and
micro-wave heating. This approach resulted in allsiibaary of compounds, which
were evaluated for their antiproliferative propestiagainst HL-60 and Jurkat E6.1
cell lines. All synthesised compounds exhibited aaker cytotoxic effect in
comparision to the mother compound. Of all theegstompounds, the derivative

bearing a 4+-pentylphenyl substituent exhibited the highesipraliferative activity.



1. Introduction

Cytarabine ((13-D-arabinofuranosyl)cytosine), cytosine arabinosiia-C, 1,
Fig. 1) is an effective drug widely used for theatment of acute myelogenous
leukemia and a lymphocytic leukenti&arly experiments revealed a wide range of
anticancer activity against numerous cell lines safcomas (Nakahara-Fukuoka
sarcoma, reticulum cell sarcoma, ascites sarcorGg-l18denocarcinomas
(adenocarcinoma-755, spontaneous mammary adenomax), and Ehrlich ascites
carcinom&™® Cytarabine also exhibited remarkable synergisfiece with other
anticancer drugs like Daunorubicin, Vinblastin acid-diaminodichloroplatin (Il)
(CDDP)>*® However, the main disadvantages of antitumor themith Cytarabine
are related to its acute and chronic toxicity teeinal organ$'? and its poor
bioavailability; it is quickly metabolized by cytlite deaminase to a
pharmacologically inactive metabolite, uracil aradside (AraU). For this reason, any
new approaches leading to improvement of the pheohkiaetics of Cytarabine are
highly desirable and many efforts have been dicktbevard the discovery of new,
cytidine deaminase-resistant Cytarabine analodtisshighly desiderable, that they
retain retain the antitumor activity exhibiting lemtoxicity and better bioavailability
then the mother compound. Such analogues includé, ape not limited to,
EnocytabineZ, N*-behenoyl-14-D-arabinofuranosyl)cytosine, BH-AC), which bears
a highly lipophilic group at the 4-amino positiohtbe cytosine moiety of Cytarabine
(1)*** and Ancitabine 3), a cyclonucleoside analogue possessing an adlitio
covalentO? ,2-linkagé>*®in the structure. Krolikiewicz et al reported #hthesis of
tetrahydro-2i-pyrrolo[2,3d]pyrimidine analogue of Cytarabined,’” but this
derivative was deprived of any biological activitpll decribed structures are

represented in the Figure 1.
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Fig.1 Cytarabine J) and its derivative2-5

Nucleosides possessing bicyclic bases are knowneffisient cytidine
mimetics, forming stable Watson-Crick pairs withagidine in the DNA and RNA
helices'®* Bicyclic pyrimidine nucleoside analogues (BCNAg} avidely known for
their antiviral activity against various RNA and BNviruses such as: VZ¥%#
HCMV,*2 HCV,**?* HBV?® and the vaccinia virus (VACVY. They have not been,
however, investigated as possible anticancer aggets BCNAs possessing an
arabinduranosyl ring and furo[2,8}pyrimidin-2(3H)-one as base were reported as
potential antivirial compounds, but exhibited wesdtivity against VZV and HCMV
strains?® Gazivoda reported that ',8-didehydrot-ascorbic acid derivatives
possessing bicyclic furo[2,8pyrimidine bases exhibit pronounced cytostaticvigt
against malignant leukemia (L121%8)However, earlier reports revealed that bicyclic
nucleosides possessing either oxazoloffptrimidine®® or thieno[5,4d]pyrimidine®
bases exhibit remarkabie vivo andin vitro antileucemic activity against1210 cells,

but there is very little additional literature datathat subject.



In our ongoing quest for the design and syntheflsieear medicinally relevant
heterocyclic derivativé$>® and compounds exhibiting antitumor activity’® we
envisioned the possibility of synthesising noveltidine deaminase-resistant,
Cytarabine analogues bearing a bicyclic, pyrro®@pyrimidin-2(7H)-one base at
the arabinose moiety (Fig. ). There are only a few examples in the literature
concerning the pyrrolo[2,8}pyrimidin-2(7H)-one nucleosides, and no examples of
such compounds possessing arabinose moiety. Wemadsuthat designed
pyrrolo[2,3d]pyrimidin-2(7H)-one arabinosides could serve as covenient anadogu
of Cytarabine, possibly retaining the anticancetivdg resulting from undergoing
phosphorylation to appropriate triphosphates bjucalenzymes. Such triphosphates
can inhibit DNA polymerases and terminate DNA chaliongantion. Addtionally, as
an amine group is a part of pyrrole ring, thesdanees would not serve as substrates
for the cytidine deaminase. This in consequenceayldvomprove bioavailability and
extend the half-life of the compounds. We also mesithat the addition of lipophilic
substituents to the pyrrole ring would increase pleeaetration of such compounds
through the blood brain-barrier in reference toatspine {).

2. Resultsand Discussion

The synthesis of designed compounds was conductading from
commercially available 15¢D-arabinduranosyl)uracil §) protected by acetyl groups.
Acetylation reaction was performed with acetic aiide in the presence of
triethylamine and a catalytic amount of DMAP (Scleett)** After crystallization
from ethanol, the triacetate was subjected to danation reaction using lin the
presence of cerium ammonium nitratdéeading to formation of 1-(2,3,5-té-acetyl-
S-D-arabinduranosyl)-5-iodouracil ). Intermediate product was then applied in a
series of Sonogashira reactions using 16 alkynederuPd(PP{),/Cul catalysis [26-
27], which resulted in formation of 5-alkynyl destwves8 as the main products and
bicyclic furanopyrimidines9 as minor one$® For complete cycloisomerisation,
obtained mixtures of compoun8sand9 were heated for additional 12 h in 50-60 °C

in the presence of one more equivalent of coppdé
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Scheme 1. Reagents and conditionst) AcO, TEA, DMAP, MeCN, 20 h, rt b)
(NH4)2Ce(NG)s, I, MeCN, 3 h, 80 °C c) R€CH, Pd(PP}4, Cul, TEA, DMF, 24h,
rt d) Cul, TEA, DMF, 12 h, 50-60 °C e) 7N methasa@dimmonia, 60 °C, 24-48 mv

or 25% NHOH, rt, 1-4 d.

According to the literature data, transformationtloé furo[2,3€]pyrimidin-

2(3H)-one nucleosides to theH3pyrrolo[2,3-d]pyrimidin-2(7H)-one nucleosides



could be performed with aqueous or methanolic gmist of ammonia, but
comperative studies of both methods were not redorfor this reason, we then
tested both reagents for the last step of the sgighthe removal the acetyl groups
and concomitant conversion of the furane ring te fyrrole ring. Treatment of
compound9 with 7N methanolic ammonia at room temperature tedthe fast
removal of the acetyl groups followed by rathemsiconversion of the deprotected
furo[2,3d]pyrimidin-2(3H)-one nucleosided0 to the 3-pyrrolo[2,3-d]pyrimidin-
2(7H)-one nucleosides.**** We found that almost complete conversion of furame
the pyrrole ring could be performed under microwaeating at 60 °C. When the
time reaction is extendeed to 24-48 h, the finahgounds could be obtained with
moderate to high yields (32-94%). Application ofuaqus solution of ammonia
slightly accelerated the transformation of the figranto the pyrrole ring, however it
also led to formation of by-products, which in sooases were difficult to separate
from the main product. When the reaction tempeeatuas raised to 60 °C, the
number of by-products increased, therefore mostimes with NHOH were carried
out at room temperature with prolonged reactioretifup to the 4 days in case of
productsso and5p bearing long liphophilic chains, which limited thelubility in the
agueous solutions).

All new Cytarabine analogues were tested for their-proliferative activity
against HL-60 (human promyelocytic leukemia) ankduE6.1 (human acute T cell
leukemia) cells. Compourtst showed the highest anti-proliferative activity wlCso
values 68 and 61 uM for HL-60 and Jurkat E6.1 cedispectively. Compounds,
5¢-5f and 5h-5j showed rather poor anti-proliferative propertieshwCsy values
ranging from 95 to 203 puM. Compoun8b, 5k-5n and 5p did not influence the
proliferation rate of HL-60 and Jurkat E6.1 celibe reference 16 values calculated
for Cytarabine were 0.185 and 0.018 pM for HL-60d ajurkat E6.1 cells,
respectively. The significantly lower anti-proliégive properties of the synthesised
compounds could be attributed to their differerftdbeour in the cell. It's likely, that
they could undergo intracellular coversion to apate triphosphates, but would not
be used as substrates in the DNA and RNA syntheactions. Therefore, they could

not serve as agents stopping the synthesis ofiowedels in the cell.

3. Conclusion



We have efficiently synthesised a series of sixtbéherto unknown Cytarabine
analogues bearing a bicyclidtH3yrrolo[2,3-d]pyrimidin-2(7H)-one base modified
with aryl, pyridyl, benzyl and alkyl substituen®®his is the first example of synthesis
of 3H-pyrrolo[2,3d]pyrimidin-2(7H)-one nucleosides possessing arabinose moiety.
The key intermediate product, acetylated 5-iod@g-B-arabinduranosyl) uracil, was
applied to Sonogashira couplings with appropiateiteal alkynes. The Sonogashira
reaction products were usually accompanied by 8)8af|pyrimidin-2(3H)-one by-
products resulting from the metal-catalyzed cyduoisrization reaction, and were
directly applied to the cycloisomerization stepthie presence of copper(l) iodide. In
the final step, the obtained furo[2dRayrimidin-2(3H)-one arabinosides were treated
with the aqueous or methanolic ammonia, which teduin the deprotection of the
hydroxyl groups and transformation of furane rimgoi the pyrrole ringA brief
screening of amonolysis reaction conditions, usageous versus methanolic
ammonia solutions and traditional versus microwheating revealed, that optimal
conditions for this transformation could be achiwesing metanolic ammonia under
the microwave heating. The resulting library of gmunds was evaluated for their
anti-proliferative effect against HL-60 human pratocytic leukemia cells and
Jurkat E6.1 human acute T cell leukemia cells. Gmmgd 5g, bearing the 4
pentylphenyl substituent attached to the pyrroleg,rishowed the highest anti-
proliferative activity with 1@y values 68 and 61 pM for HL-60 and Jurkat E6.1
respctively. Although the synthetised compoundsiletdd a rather weak cytotoxic
effect on the investigated cell lines, the resattd observed effects could help in the

design of more active and selective inhibitors.

4. Experimental section
4.1. Chemistry

Commercially available chemicals were of reagemidgrpurity and used as
received. The reactions were monitored by thin laglgomatography (TLC) using
silica gel plates (Kieselgel 60§, E. Merck). Column chromatography was
performed on Silica Gel 60M (0.040-0.063 mm, E. 8k¢r The'H, *C NMR and *°
F spectra were recorded on Varian Unity Plus spewter (500 MHz) in MeOH#,
CDCl; and DMSO€s. Chemical shift values are reported in parts pidlram relative
to SiMe, as internal reference. Fluorih&- spectra were measured using CF& an

internal reference. The resonance assignments am@dbon peak integration, peak



multiplicity and 2D correlation experiments. Muligs were assigned as s (singlet), d
(doublet), t (triplet), g (quartet), dd (doublet @dublet), dt (doublet of triplet), ddd
(doublet of doublet of doublet), m (multiplet), abd (broad singlet). HRMS spectra
were performed on LTQ Orbitrap Velos Thermo Scienti The microwave-assisted
reactions were performed in the CEM Discover SProwave reactor, set to 80 Watt

input power at 60-65 °C, in 35 mL glass tubes.

The synthesis of 1-(2,3,5-tri-O-acetyl-#-D-arabinofur anosy!)-5-iodour acil (7)

5.00 g (20.49 mmol, 1 eq.) of E-O-arabinduranosyl)uracil §) was
dispersed in the 40 mL of dry MeCN. Then 25 mg @2nol, 0.01 eq.) of DMAP,
11.55 mL (84.00 mmol, 4.1 eq.) of triethylamine &80 mL (81.96 mmol, 4 eq.) of
acetic anhydride were added. Reaction mixture wasd at room temperature for 20
h. After this time all volatiles were evaporatedden the reduced pressure. The
residue was dissolved in CHCGind washed twice with water. The combined organic
layers were dried over magnesium sulphate and oheerg was removed on an
evaporator. After crystallization from ethanol, 859 (17.76 mmol, 87% vyield) of 1-
(2,3,5-Tri-O-acetyl$-D-arabinduranosyl)uracil were obtained. 3.50 g Of obtained
(9.45 mmol, leq.) triacetate were dissolved in &30of MeCN, then 2.59 g (4.72
mmol, 0.50 eq.) of ammonium cerium(VI) nitrate &@nd3 g (5.63 mmol, 0.6 eq.) of
iodine was added. Obtained suspension was stir@@C for 3 h, and then solvent
was removed by evaporation under reduced pres$ueeresidue was dissolved in
EtOAc and washed with brine, sodium thiosulfateusoh and water. Combined
organic phases were dried over MgS®nalytically pure compound was obtained by
crystallization from ethanol. Yield: 4.49 g (75%)p: 167.7-168.7 °C (lit. 168 °C}H
NMR (500 MHz, CDC}): 9.24 (s, 1H, NH), 7.92 (s, 1H,6.31 (dJ = 4.0 Hz, 1H,
Hy), 5.41 (ddJ; = 2.0 Hz,J,= 4.0 Hz, 1H, H), 5.13 (g,J = 2.0 Hz, 1H, H), 4.46
(dd,J1=6.0 Hz,J,= 12.0 Hz, 1H, B), 4.42 (ddJ;= 4.0 Hz,J,= 12.0 Hz, 1H, H,),
4.25-4.19 (m, 1H, &), 2.19 (s, 3H, Mg), 2.16 (s, 3H, Mg.), 2.07 (s, 3H, Mg) **C
NMR (125 MHz, CDCJ): 170.5, 169.6, 168.5, 159.5, 149.5, 145.0, 88037, 76.2,
74.4, 67.5, 62.5, 20.9, 20.7, 20.4. HRMS (E8&i)z [M+H]" calcd for GsH17IN,Og:
497.00515, found: 497.00439.



General procedure for the synthesis of protected 6-substituted furo[2,3-

dlpyrimidin-2(3H)-one ar abinosides (9)

1-(2,3,5-TriO-acetylf-D-arabinduranosyl)-5-iodouracil {) (1 eq.) was dissolved in
anhydrous DMF (5 mL by 1 mmol of nucleoside) underatmosphere. To the
obtained solution, the appropriate terminal alk{Beeq.), triethylamine (1.9 eq.),
copper iodide (0.2 eq.), and tetrakis(triphenylgtse)palladium(0) (0.1 eq.) were
added and reaction mixture was stirred at room &atpre for 24 h. On the next day,
the dark solution was heated to the 50-60 °C, #ugtitional amount of copper iodide
(1.0 eq) was added and stirring was continued dditenal 12 hrs. Reaction mixture
was diluted with ethyl acetate (v/v DMF:EtOAc 1:#)e organic phase was washed
three times with water (v/iv DMF#®D 1:4) and dried over magnesium sulphate.
Volatiles were evaporated under reduced pressuck the oily residue was
chromatographed using an appropriate eluent. Aali pure compounds were

obtained by crystallization from methanol or aceton

3-(2,3,5-Tri-O-acetyl-p-D-arabinofur anosyl)-6-phenylfur o[ 2,3-d]pyrimidin-2(3H)-
one (9a). Yield: 38%, white crystals, mp.: 219.1-219.8 °@]p*° +89.9 ¢ 1.0,
DMSO0); *H NMR (500 MHz, CDC}): 8.30 (s, 1H, k), 7.81-7.75 (m, 2H, H), 7.49-
7.45 (m, 2H, Hy), 7.45-7.39 (m, 1H, H), 6.80 (s, 1H, &), 6.46 (d,J = 4.0 Hz, 1H,
Hy), 5.67 (ddJ;= 1.0 Hz,J,= 4.0 Hz, 1H, H), 5.11 (d,J = 1.0 Hz, 1H, H), 4.54
(dd,J; = 7.0 Hz,J,= 12.0 Hz, 1H, i), 4.43 (ddJ; = 4.0 Hz,J,= 12.0 Hz, 1H, i),
4.35-4.29 (m, 1H, H), 2.17 (s, 6H, 2 x Me), 1.92 (s, 3H, Mg) °C NMR (125
MHz, CDChk): 171.9, 170.6, 169.6, 168.1, 156.1, 154.1, 136299, 128.9, 128.1,
124.9, 107.9, 97.5, 86.9, 81.6, 76.4, 73.9, 6208,20.6, 20.4IR (KBr cm): 3475,
3088, 3040, 2936, 1757, 1679, 1610, 1574, 1490114387, 1373, 1351, 1236, 1207,
1179, 1126, 1107, 1048, 100BRMS (ESI): m/z [M+H]"* calcd for GaH2aN2Og:
471.13981, found: 471.13988.

3-(2,3,5-Tri-O-acetyl-g-D-arabinofur anosyl)-6-(3-chlor ophenyl)fur o[ 2,3-
d]pyrimidin-2(3H)-one (9b). Yield: 70%, white crystals, mp.: 213.0-214.0 {&]p>°
+81.3 € 1.0, DMSO);*H NMR (500 MHz, CDCJ): 8.34 (s, 1H, k), 7.77-7.73 (m,
1H, Hy), 7.68-7.63 (m, 1H, W), 7.43-7.34 (m, 2H, K), 6.83 (s, 1H, k), 6.45 (d,J
= 3.5 Hz, 1H, H), 5.67 (ddJ,= 1.5 Hz,J,= 3.5 Hz, 1H, H), 5.11 (dJ = 1.5 Hz, 1H,
Hs), 4.55 (ddJ;= 7.0 Hz,J,= 12.0 Hz, 1H, B), 4.43 (ddJ,= 4.0 Hz,J,= 12.0 Hz,

10



1H, Hsw), 4.34-4.29 (m, 1H, k), 2.170 (s, 3H, Me), 2.166 (s, 3H, Mg), 1.93 (s,
3H, Mex) *C NMR (125 MHz, CDGJ): 171.8, 170.7, 169.6, 168.0, 154.5, 154.0,
137.2, 135.1, 130.3, 129.9, 129.8, 124.9, 123.0,61008.8, 87.1, 81.7, 76.4, 73.9,
62.8, 20.8, 20.7, 20.4HRMS (ESI): m/z [M+H]" calcd for GsH2:>"CIN,Og:
505.10083, found: 505.10046.

3-(2,3,5-Tri-O-acetyl-p-D-arabinofur anosyl)-6-(4-chlor ophenyl)fur o[ 2,3-
d]pyrimidin-2(3H)-one (9c). Yield: 74%, colorless oilfo]p?° +75.3 € 1.0, DMSO);
'H NMR (500 MHz, CDGJ): 8.30 (s, 1H, k), 7.71 (dJ= 8.5 Hz, 2H, H,), 7.45 (dJ

= 8.5 Hz, 2H, H,), 6.79 (s, 1H, ), 6.45 (dJ = 3.5 Hz, 1H, H), 5.73-5.62 (m, 1H,
Hy), 5.15-5.05 (m, 1H, ki), 4.55 (ddJ.= 7.5 Hz,J,= 11.5 Hz, 1H, Hy), 4.42 (dd,);

= 3.5 Hz,J,= 11.5 Hz, 1H, W), 4.36-4.26 (m, 1H, k), 2.170 (s, 3H, Mg), 2.166
(s, 3H, Mgy), 1.92 (s, 3H, Mg). *C NMR (125 MHz, CDG)): 171.9, 170.7, 169.7,
168.1, 155.0, 154.0, 136.8, 135.9, 129.3, 126.8,2,2107.8, 98.0, 87.0, 81.7, 76.4,
73.9, 62.8, 20.9, 20.7, 20.5{RMS (ESI): m/z [M+H] " calcd for GsH2:>"CIN,Og:
505.10083, found: 505.10052.

3-(2,3,5-Tri-O-acetyl-p-D-arabinofur anosyl)-6-(3,4-dichlorophenyl)fur o[ 2,3-
d]pyrimidin-2(3H)-one (9d) . Yield: 72%, colorless oila]p?° +71.7 € 1.0, DMSO);
'H NMR (500 MHz, CDCJ): 8.35 (s, 1H, k), 7.85 (d,J=2.0 Hz, 1H, H,), 7.61 (dd,
J1=2.0 Hz,J,= 8.5 Hz, 1H, H,), 7.53 (d,J = 8.5 Hz, 1H, H,), 6.83 (s, 1H, k), 6.45
(d,J = 3.5 Hz, 1H, W), 5.66 (ddJ; = 1.5 Hz,J,= 3.5 Hz, 1H, H), 5.10 (dJ= 1.5
Hz, 1H, H), 4.56 (ddJ.= 7.0 Hz,J,= 12.0 Hz, 1H, i), 4.42 (ddJ; = 4.0 Hz,J,=
12.0 Hz, 1H, H,), 4.35-4.29 (m, 1H, k), 2.17 (s, 3H, Mg), 2.16 (s, 3H, Mg),
1.92 (s, 3H, Mg.). *C NMR (125 MHz, CDGCJ): 171.8, 170.7, 169.7, 168.0, 153.9,
153.5, 137.4, 133.9, 133.5, 131.1, 128.1, 126.3,0,2107.4, 99.1, 87.1, 81.8, 76.4,
73.9, 62.8, 20.9, 20.7, 20.6lRMS (ESI): m/z [M+H]" calcd for GaHag>"CloN2Og:
539.06186, found: 539.06132.

3-(2,3,5-Tri-O-acetyl-g-D-arabinofuranosyl)-6-(2-pyridyl)furo[2,3-d]pyrimidin-

2(3H)-one (9€). Yield: 56%, white crystals, mp.: 175.7-176.7 1a]p>° +86.3 € 1.0,
DMSO); *H NMR (500 MHz, CDCY): 8.69-8.64 (m, 1H, ), 8.39 (s, 1H, k), 7.87-
7.80 (m, 1H, H,), 7.34-7.29 (m, 1H, W), 7.26 (s, 1H, &), 6.47 (d,J = 4.0 Hz, 1H,
H;), 5.67 (ddJ; = 1.5 Hz,J,= 4.0 Hz, 1H, H), 5.12 (d,J = 1.5 Hz, 1H, H), 4.53
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(dd,J:= 6.5 Hz,J,= 12.0 Hz, 1H, By), 4.45 (ddJ;= 4.0 Hz,J,= 12.0 Hz, 1H, H,),
4.36-4.30 (m, 1H, k), 2.17 (s, 3H, Mg), 2.16 (s, 3H, Mg), 1.92 (s, 3H, Mg). *C
NMR (125 MHz, CDCJ): 172.0, 170.5, 169.6, 168.1, 155.2, 154.0, 15041.1,
137.9,137.1, 124.0, 120.2, 107.5, 101.1, 86.%,8%6.3, 73.9, 62.7, 20.8, 20.7, 20.4;
HRMS (ESI):m/z[M+H]" calcd for GoH2oN3O0g: 472.13506, found: 472.13462.

3-(2,3,5-Tri-O-acetyl-p-D-arabinofuranosyl)-6-(3-hydr oxyphenyl)furo[ 2,3-
d]pyrimidin-2(3H)-one (9f). Yield: 43%, yellow crystals, mp.: 210.0-211.0 °C.
[a]p?° +80.3 € 1.0, DMSO); *H NMR (500 MHz, CDC}): 8.30 (s, 1H, &), 7.75 (bs,
1H, OH), 7.59-7.55 (m, 1H, o), 7.31-7.22 (m, 2H, W), 6.97-6.92 (m, 1H, W),
6.77 (s, 1H, i), 6.47 (d,J = 4.0 Hz, 1H, H), 5.69 (ddJ;= 1.5 Hz,J,= 4.0 Hz, 1H,
Hx), 5.11 (dJ = 1.5 Hz, 1H, H), 4.53 (ddJ,= 6.5 Hz,J,= 12.0 Hz, 1H, H,), 4.43
(dd, J1= 4.0 Hz,J,= 12.0 Hz, 1H, H3), 4.35-4.30 (m, 1H, k), 2.17 (s, 3H, Mg,
2.16 (s, 3H, Mg.), 1.90 (s, 3H, Mg). *C NMR (125 MHz, CDGJ): 172.0, 170.8,
169.8, 168.2, 157.3, 156.7, 154.8, 136.3, 130.9,202117.6, 116.8, 112.3, 108.6,
97.7, 87.1, 81.7, 76.4, 74.0, 62.8, 20.9, 20.74.2dRMS (ESI):m/z[M+H]" calcd
for CasHo3N2010: 487.13472, found: 487.13416.

3-(2,3,5-Tri-O-acetyl-p-D-arabinofur anosyl)-6-(4-n-pentylphenyl)furo[ 2,3-
d]pyrimidin-2(3H)-one (9g). Yield: 54%, colorless oil.of] p*° +73.0 € 1.0, DMSO);
'H NMR (500 MHz, CDC}): 8.30 (s, 1H, k), 7.69 (d,J = 8.0 Hz, 2H, CH,), 7.26 (d,
J=8.0 Hz, 2H, CH,), 6.73 (s, 1H, k), 6.46 (dJ = 3.5 Hz, 1H, H), 5.66 (dd,J; =
1.5 Hz,J,=3.5 Hz, 1H, H), 5.11 (d,J = 1.5 Hz, 1H, H), 4.53 (dd,J; = 6.5 Hz,
J,=12.0 Hz, 1H, Hy), 4.44 (ddJ;= 4.0 Hz,J,= 12.0 Hz, 1H, H,), 4.36-4.30 (m, 1H,
Hz), 2.65 (t,J = 7.5 Hz, 2H, Chkhain, 2.16 (s, 6H, Mg), 1.92 (s, 3H, Mg), 1.64 (q,

J = 7.5 Hz, 2H, Chknai), 1.39-1.29 (m, 4H, 2 x Cidhai), 0.90 (t,J = 7.0 Hz, 3H,
CHachai). °C NMR (125 MHz, CDGJ): 172.0, 170.6, 169.6, 168.0, 156.4, 154.1,
145.3, 136.0, 129.0, 125.6, 125.0, 108.1, 96.9,98..5, 76.4, 73.9, 62.8, 35.8, 31.4,
30.8, 22.4, 20.8, 20.6, 20.4, 13.9. HRMS (E®i)z [M+H]" calcd for GgHzaNOg:
541.21806, found: 541.21734.

3-(2,3,5-Tri-O-acetyl-p-D-arabinofuranosyl)-6-(3-fluor ophenyl)furo[ 2,3-
d]pyrimidin-2(3H)-one (9h). Yield: 43%, white crystals, mp.: 226.4-227@ [0]p>°
+75.0 € 1.0, DMSO):*H NMR (500 MHz, CDCY): 8.34 (s, 1H, k), 7.57 (d,J = 7.5
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Hz, 1H, Hy,), 7.49-7.38 (m, 2H, W), 7.11 (dtJ;= 2.0 Hz,J,= 8.5 Hz, 1H, H,), 6.83
(s, 1H, H), 6.46 (d,J = 3.5 Hz, 1H, H), 5.67 (ddJ;= 1.5 Hz,J,= 3.5 Hz, 1H, H),
5.11 (d,J = 1.5 Hz, 1H, H), 4.55 (ddJ,= 7.0 Hz,J,= 12.0 Hz, 1H, H,), 4.43 (dd,
J1= 4.0 Hz,J, = 12.0 Hz, 1H, H.), 4.35-4.30 (m, 1H, k), 2.170 (s, 3H, Me),
2.166 (s, 3H, Mg), 1.93 (s, 3H, Mg). *C NMR (125 MHz, CDGJ): 171.8, 170.7,
169.6, 168.0, 163.0 (dl=246.6 Hz), 154.7 (dJ=3.4 Hz), 154.0, 137.1, 130.7 (d,
J=8.3 Hz), 130.2 (dJ=8.8 Hz), 120.7 (dJ=2.9 Hz), 116.8 (dJ=21.5 Hz), 111.9 (d,
J=23.9 Hz), 107.6, 98.7, 87.0, 81.7, 76.4, 73.98620.9, 20.7, 20.#F NMR (471
MHz, CDCk): -111.98. HRMS (ESI):m/z [M+H]" calcd for GsH2oN,OgF:
489.13038, found: 489.13047.

3-(2,3,5-Tri-O-acetyl-p-D-arabinofuranosyl)-6-(3,5-difluor ophenyl)fur o[ 2,3-
d]pyrimidin-2(3H)-one (9i).Yield: 66%, white crystals, mp.: 224.8-223®. [o]p>°
+82.2 ¢ 1.0, DMSO):'H NMR (500 MHz, CDCJ): 8.39 (s, 1H, k), 7.33-7.25 (m,
2H, Har), 6.93-6.82 (M, 2H, kHa), 6.45 (d,J = 3.5 Hz, 1H, H), 5.67 (ddJ;= 1.5
Hz,J,= 3.5 Hz, 1H, H), 5.10 (dJ= 1.5 Hz, 1H, H), 4.56 (ddJ;= 7.0 Hz,J,=12.0
Hz, 1H, H), 4.42 (dd,J, = 4.0 Hz,J,= 12.0 Hz, 1H, i), 4.35-4.29 (m, 1H, k),
2.173 (s, 3H, Mg), 2.165 (s, 3H, Mg), 1.93 (s, 3H, Mg).*C NMR (125 MHz,
CDCls): 171.7, 170.7, 169.6, 168.0, 163.3 (de-12.7 Hz,J,=249.5 Hz), 153.9,
153.4 (t,J~3.6 Hz), 137.9, 131.1 (8~10.5 Hz), 108.0 (m), 107.3, 105.1 (%:25.4
Hz), 100.0, 87.1, 81.8, 76.4, 73.9, 62.8, 20.9,72@0.4; ¥F NMR (471 MHz,
CDCl): —108.28.HRMS (ESI): m/z [M+H]* calcd for CogH21N,06F: 507.12096,
found: 507.12116.

3-(2,3,5-Tri-O-acetyl-p-D-arabinofur anosyl)-6-(4-trifluor ometoxyphenyl)furo[ 2,3-
d]pyrimidin-2(3H)-one (9j). Yield: 43%, colorless oil.ofp*° +56.6 € 1.0, DMSO);
'H NMR (500 MHz, CDC}): 8.34 (s, 1H, k), 7.82-7.76 (m, 2H, K), 7.31 (d,J=8.5
Hz, 2H, Hy), 6.82 (s, 1H, &), 6.46 (d,J=3.5 Hz, 1H, H), 5.67 (dd,J;=1.0 Hz,
J»=3.5 Hz, 1H, H), 5.11 (dJ=1.0 Hz, 1H, H), 4.55 (dd J;=7.0 Hz,J,=11.5 Hz, 1H,
Hsa), 4.43 (dd,J1=4.0 Hz,3,=11.5 Hz, 1H, Hy), 4.35-4.29 (m, 1H, ki), 2.169 (s, 3H,
Menc), 2.167 (s, 3H, Mg), 1.93 (s, 3H, Mg) *C NMR (125 MHz, CDGJ): 171.9,
170.6, 169.6, 168.0, 154.6, 154.0, 150.0)(¢, 1.9 Hz), 137.0, 126.8, 126.5, 121.3,
120.3 (q,J= 257.8 Hz), 107.6, 98.3, 87.0, 81.7, 76.4, 7328620.8, 20.6, 20.4°F
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NMR (471 MHz, CDC)): -58.13. HRMS (ESI): m/z [M+H]" calcd for
Ca4H21N20;oF3: 555.12211, found: 555.12207.

3-(2,3,5-Tri-O-acetyl-p-D-arabinofur anosyl)-6-(methoxymethyl)fur o[ 2,3-
d]pyrimidin-2(3H)-one (9k). Yield: 40%, yellow crystals, mp.: 108.5-110.1 °C.
[a]p?° +106.8 ¢ 1.0, DMSO):;*H NMR (500 MHz, CDCJ): 8.27 (s, 1H, k), 6.50 (s,
1H, Hs), 6.43 (d,J = 4.0 Hz, 1H, H), 5.65 (dd,J; = 1.5 Hz,J, = 4.0 Hz, 1H, H),
5.09 (d,J = 1.5 Hz, 1H, H), 4.51 (ddJ,= 7.0 Hz,J,= 12.0 Hz, 1H, W), 4.45 (s,
2H, CHomow), 4.42 (dd,J; = 4.0 Hz,J,= 12.0 Hz, 1H, H,), 4.33-4.27 (m, 1H, k),
3.48 (s, 3H, Mgow), 2.16 (s, 3H, Mg), 2.15 (s, 3H, Mg), 1.91 (s, 3H, Mg.). °C
NMR (125 MHz, CDCJ): 172.1, 170.6, 169.6, 168.0, 155.1, 154.0, 13108.6,
102.2, 86.9, 81.6, 76.4, 73.9, 66.5, 62.8, 58.98,2P0.7, 20.4HRMS (ESI): m/z
[M+H] " calcd for GoH24N20g: 439.13472, found: 439.13485.

3-(2,3,5-Tri-O-acetyl-p-D-arabinofur anosyl)-6-(3-cyanopr opyl)fur o[ 2,3-
d]pyrimidin-2(3H)-one (9). Yield: 65%, yellow crystals, mp.: 107.8 °C
(decomposition)[a]p*° +105.6 ¢ 1.0, DMSO);*H NMR (500 MHz, CDCJ): 8.21 (s,
1H, Hs), 6.42 (d,J = 3.5 Hz, 1H, H), 6.32 (s, 1H, i), 5.65 (ddJ;= 1.5 Hz,J,= 3.5
Hz, 1H, H), 5.09 (d,J = 1.5 Hz, 1H, H), 4.51 (dd,J; = 7.0 Hz,J,= 12.0 Hz, 1H,
Hsb), 4.41 (ddJ.= 4.0 Hz,J,= 12.0 Hz, 1H, W), 4.33-4.27 (m, 1H, k), 2.88 (d,J

= 7.0 Hz, 2H, Chkp), 2.47 (d,J = 7.0 Hz, 2H, Chky), 2.16 (s, 3H, Mg), 2.15 (s, 3H,
Meac), 2.12 (quintet] = 7.0 Hz, 2H, Chk), 1.92 (s, 3H, Mg). **C NMR (125 MHz,
CDCl): 172.0, 170.6, 169.6, 168.0, 156.9, 154.0, 1361R8.6, 106.9, 100.6, 86.8,
81.5, 76.3, 73.8, 62.8, 27.0, 22.6, 20.8, 20.74,206.5. HRMS (ESI):m/z[M+H]"
calcd for GiH24N30g: 462.15071, found: 462.15022.

3-(2,3,5-Tri-O-acetyl-p-D-arabinofur anosyl)-6-(cyclopropyl)fur o[ 2,3-d] pyrimidin-
2(3H)-one (9m). Yield: 31%, white crystals, mp.:161.8-163.1 {@]p*° +102.1 ¢ 1.0,
DMSO); *H NMR (500 MHz, CDCJ): 8.07 (s, 1H, k), 6.43 (d, 1H,J = 3.5 Hz, H"),
6.15 (s, 1H, k), 5.63 (d,J = 3.5 Hz, 1H, H), 5.09 (sJ = 1.5 Hz, 1H, H), 4.49 (dd,
Ji= 7.0 Hz,J,= 12.0 Hz, 1H, ), 4.42 (dd,J; = 4.0 Hz,J,= 12.0 Hz, 1H, Hy),
4.32-4.23 (m, 1H, k), 2.16 (s, 3H, Mg), 2.15 (s, 3H, Mg), 1.86-1.97 (m, 4H,
Meac + CHepy), 1.08-0.97 (m, 4H, 2 x Cizb). °C NMR (125 MHz, CDG)): 171.7,
170.5, 169.6, 168.0, 161.0, 154.1, 134.4, 107.8),986.7, 81.3, 76.3, 73.8, 62.8, 20.8,
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20.6, 20.4, 9.3, 7.30, 7.27. HRMS (ESI): m/z [M+H]" calcd for GiH24N3Oq:
435.13967, found: 435.13981.

3-(2,3,5-Tri-O-acetyl-p-D-arabinofur anosyl)-6-benzylfur o[ 2,3-d]pyrimidin-2(3H)-
one (9n). Yield: 32%, yellow crystals, mp.: 87.6-90.7 °Cu]p®° +85.4 € 1.0,
DMSO); *H NMR (500 MHz, CDCJ): 8.13 (s, 1H, k), 7.33-7.26 (m, 2H, K), 7.40-
7.23 (m, 3H, H,), 6.41 (d,J = 3.5 Hz, 1H, H'), 6.09 (s, 1H, k), 5.63 (dd,J; = 1.0 Hz,
J,= 3.5 Hz, 1H, H), 5.07 (dJ = 1.0 Hz, 1H, H), 4.46 (ddJ,= 7.0 Hz,J,= 12.0 Hz,
1H, Hsyp), 4.39 (ddJ,= 4.0 Hz,J,= 12.0 Hz, 1H, W), 4.30-4.24 (m, 1H, k), 3.99
(s, 1H, CHgy), 2.15 (s, 3H, Mg), 2.12 (s, 3H, Mg), 1.90 (s, 3H, Mg.). *C NMR
(125 MHz, CDC}): 172.2, 170.6, 169.6, 168.1, 158.8, 154.1, 13535.0, 129.0,
128.8, 127.3, 107.3, 100.0, 86.7, 81.4, 76.3, &&28[, 34.8, 20.8, 20.6, 20.4. HRMS
(ESI): m/z[M+H] " calcd for G4H24N2Oo: 485.15546, found: 485.15514.

3-(2,3,5-Tri-O-acetyl-p-D-arabinofur anosyl)-6-n-octylfur o[ 2,3-d] pyrimidin-2(3H)-
one (90). Yield: 41%, white crystals, mp.: 118.5-119.5°@]p%° +89.0 ¢ 1.0,
DMSO); *H NMR (500 MHz, CDCJ): 8.12 (s, 1H, k), 6.44 (d,J = 3.5 Hz, 1H, H),
6.17 (s, 1H, 1), 5.64 (ddJ; = 1.5 Hz,J,= 3.5 Hz, 1H, H), 5.09 (d,J = 1.5 Hz, 1H,
Hsz), 4.49 (ddJ;= 7.0 Hz,J,= 12.0 Hz, 1H, i), 4.41 (ddJ; = 4.0 Hz,J,= 12.0 Hz,
1H, Hs), 4.32-4.25 (m, 1H, k), 2.66 (t,J = 7.5 Hz, 2H, Chle), 2.16 (s, 3H, Mg,),
2.15 (s, 3H, Mg.), 1.91 (s, 3H, Mg), 1.74-1.65 (m, 2H, Chb), 1.43-1.22 (m, 10H,
5 x CHo), 0.88 (t,J = 7.0 Hz, 3H, Me); *C NMR (125 MHz, CDG): 171.0,
170.6, 169.6, 168.1, 160.3, 154.2, 135.3, 107.8,95.7, 81.4, 76.4, 73.9, 62.8, 31.8,
29.2, 29.1, 29.0, 28.3, 26.6, 22.6, 20.8, 20.74,204.0; HRMS (ESI)m/z [M+H]"
calcd for GsHssN2Og: 507.23371, found: 507.23298.

3-(2,3,5-Tri-O-acetyl-p-D-arabinofur anosyl)-6-(9-hydr ok sy-n-nonyl)octylfur o[ 2,3-
d]pyrimidin-2(3H)-one (9p). Yield: 56%, colorless oil[a]p*° +83.8 € 1.0, DMSO);
'H NMR (500 MHz, CDCJ): 8.12 (s, 1H, ), 6.44 (dJ = 3.5 Hz, 1H, H), 6.17 (t,J;
= 1.0 Hz, 1H, H), 5.64 (ddJ;= 1.5 Hz,J,= 3.5 Hz, 1H, H), 5.09 (t,J = 1.5 Hz, 1H,
Hz), 4.50 (ddJ;= 7.0 Hz,J,= 12.0 Hz, 1H, i), 4.41 (ddJ; = 4.0 Hz,J,= 12.0 Hz,
1H, Hsz), 4.32-4.25 (m, 1H, k), 3.64 (t,J = 6.5 Hz, 2H, Chion), 2.66 (t,J = 7.5 Hz,
2H, CHonon), 2.16 (S, 3H, Mgy), 2.15 (s, 3H, Mg;), 1.91 (s, 3H, Mg;), 1.70 (quintet,
J=7.5Hz, 2H, Chion), 1.62-1.52 (m, 2H, Chflon), 1.42-1.28 (m, 10H, 5 X GiRon);
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¥C NMR (125 MHz, CDGJ): 172.2, 170.6, 169.7, 168.1, 160.5, 154.2, 13502,5,
98.6, 86.8, 81.4, 76.4, 73.9, 62.8, 62.9, 32.73,220.1, 28.9, 28.3, 26.6, 25.7, 20.8,
20.7, 20.4; HRMS (ESI)m/z [M+H]" calcd for GeH3/N,O1g: 537.24427, found:
537.24361.

General procedures for the synthesis of deprotected 6-aryl/6-heteroaryl 3H-

pyrrolo[2,3-dlpyrimidin-2(7H)-one arabinosides 5

Procedure A was applied for the synthesidabj compounds, while procedure B

was applied for the synthesisi¥-5p compounds.

A: Protected furo[2,3]pyrimidin-2(3H)-one nucleoside8 were dissolved in the 7N
methanolic ammonia (10 mL by 1 mmol of nucleositeq microwave tube and the
reaction mixture was heated in 60-65 °C in the avi@ve synthesizer (80 Watt) for
24-48 h. Then the reaction mixture was moved torthend-bottom flask, silica gel
was added and solvent was evaporated under theceg@dpressure. The final
compounds were purified by column chromatographysiina gel using 10%, then
20% methanol in chloroform as a mobile phase.

B: Protected furo[2,8pyrimidin-2(3H)-one nucleoside8 were dispersed in the 25%
aquaous ammonia (24 mL by 1 mmol of nucleoside)sdimced at room temperature
for 1 — 4 days. In case of the compoubpg the reaction mixture was heated at 50-
60 °C and aditional portion of ammonia was addeiterAcompletion of the reaction,
volatiles were evaporated under the reduced presand final compounds were
purified by column chromatography on silica gelngsiL0%, then 20% methanol in
chloroform as a mobile phase.

3-(#-D-Arabinofuranosyl)-6-phenyl-3H-pyrrolo[ 2,3-d]pyrimidin-2(7H)-one (5a).
Yield: 90%, yellow crystals, m.p165.5- 167.0 °C[o]p?° +77.8 € 1.0, DMSO);'H
NMR (500 MHz, CQOD): 8.62 (s, 1H, k), 7.72-7.68 (m, 2H, K), 7.42-7.38 {(t,
J=7.3 Hz, 2H, H,), 7.35-7.31 (m, 1H, W), 6.65 (s, 1H, k), 6.39 (d,J=3.5 Hz, 1H,
Hy), 4.38 (dd,J;=2.0 Hz,J,=3.5 Hz, 1H, H), 4.16 (t,J=2.0 Hz, 1H, H), 4.10-4.06
(m, 1H, Hy), 3.90 (d,J=4.5 Hz, 2H, H). **C NMR (125 MHz, CROD): 160.5, 156.9,
141.8, 139.6, 132.0, 130.0, 129.6, 126.3, 111.5,9.2, 87.4, 78.3, 76.5, 62.9. IR
(KBr cm'): 3700-2800, 1658, 1618, 1586, 1571, 1554, 1482811412, 1384, 1348,
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1253, 1198, 1107, 1055; HRMS (ESHiz[M+H] " calcd for G7H1gNz0s: 344.12308,
found: 344.12350.

3-(#-D-Arabinofur anosyl)-6-(3-chlor ophenyl)-3H-pyrrolo[2,3-d]pyrimidin-2(7H)-
one (5b). Yield: 32% yellow crystals, m.p212.0-213.3 °C [a]p® +70.2 € 1.0,
DMSO); 'H NMR (500 MHz, DMSO-g): 11.80 (s, 1H, NH), 8.46 (s, 1H4H 7.93-
7.91 (m, 1H, H,), 7.77 (d9,J:=1.0 Hz,J,=8.0 Hz, 1H, H,), 7.46 (t,J=8.0 Hz, 1H,
Har), 7.38 (dg,J:=1.0 Hz,J,=8.0 Hz, 1H, H,), 6.88 (s, 1H, B, 6.23 (d,J=3.5 Hz,
1H, Hy), 5.51 (d,J=4.0 Hz, 1H, OH), 5.47 (d,J=5.0 Hz, 1H, OH), 5.15 (t,J=5.5
Hz, 1H, OH), 4.16-4.11 (m, 1H, b)), 3.99-3.95 (m, 1H, k), 3.89 (dt,J;=2.5 Hz,
J,=6.5 Hz, 1H, H), 3.74-3.63 (m, 2H, k). *C NMR (125 MHz, DMSO-¢): 159.7,
153.8, 139.0, 137.2, 133.8, 132.8, 130.7, 127.8,5223.5, 108.1, 98.6, 87.9, 85.9,
76.4, 745, 61.2. HRMS (ESIn/z [M+H]" calcd for G;H17/NsOsCl: 378.08512,
found: 378.08490.

3-(#-D-Arabinofur anosyl)-6-(4-chlor ophenyl)-3H-pyrrolo[2,3-d]pyrimidin-2(7H)-
one (5¢). Yield: 32% yellow crystals, m.p197.1-198.3 °C [a]p?° +67.4 € 1.0,
DMSO0); *H NMR (500 MHz, DMSO-g): 11.80 (s, 1H, NH), 8.44 (s, 1H H 7.77-
7.80 (m, 2H, H,), 7.53-7.47 (m, 2H, K), 6.80 (s, 1H, B, 6.23 (d,J=3.5 Hz, 1H,
Hy), 5.52 (d,J=4.0 Hz, 1H, OH), 5.47 (d,J=5.5 Hz, 1H, OH), 5.16 (t,J=5.5 Hz,
1H, OHs), 4.17-4.11 (m, 1H, k), 4.00-3.96 (m, 1H, ki), 3.89 (dt,J;=2.5 Hz,J,=5.5
Hz, 1H, Hy), 7.72-3.64 (bt, 2H, k). **C NMR (125 MHz, DMSO-g): 159.8, 153.8,
138.8, 137.6, 132.6, 129.6, 128.9, 126.6, 108.39,997.9, 85.9, 76.5, 74.5, 61.2.
HRMS (ESI):m/z[M+H] " calcd for G7H17NsOsCl: 378.08512, found: 378.08462.

3-(#-D-Arabinofur anosyl)-6-(3,4-dichlor ophenyl)-3H-pyrrolo[2,3-d] pyrimidin-
2(7H)-one (5d). Yield: 41%, yellow crystals, m.p226.5-227.4 °C[a]p?° +84.0 € 1.0,
DMSO); 'H NMR (500 MHz, DMSO-g): 11.75 (wave, 1H, NH), 8.47 (s, 1HH
8.09 (d,J=2.0 Hz, 1H, H,), 7.80 (d,J;=2.0 Hz,J,=7.5 Hz, 1H, H,), 7.67 (d,J=7.5
Hz, 1H, Hy), 6.92 (s, 1H, &), 6.23 (d, 1H,J=3.5 Hz, 1H, H), 5.52 (wave2H,
OHy+0Hy), 5.16 (wavelH, OHs), 4.18-4.11 (m, 1H, b, 4.01-3.94 (m, 1H, ki),
3.89 (dt,J;=2.5 Hz,J,=5.5 Hz, 1H, H), 3.68 (d,J=5.5 Hz, 2H, H). **C NMR (125
MHz, DMSO-d&): 159.7, 153.7, 139.2, 137.4, 131.8, 131.4, 13130,2, 126.4, 125.0,
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108.2, 99.2, 87.9, 86.0, 76.4, 74.5, 61.2; HRMSIXE8®/z [M+H]" calcd for
C17H17N30sCly: 412.04615, found: 412.04592.

3-(#-D-Arabinofur anosyl)-6-(2-pirydyl)-3H-pyrrolo[2,3-d]pyrimidin-2(7H)-one

(5€). Yield: 46%, yellow solid, m.p188.5-189.1 °C[a]p*° +103.7 € 1.0, DMSO);'H
NMR (500 MHz, DMSO-@): 11.75 (s, 1H, NH), 8.64-8.59 (m, 1HaM 8.51 (s, 1H,
Hg), 7.92 (dt,J;=1.0 Hz,J,=8.0 Hz, 1H, H,), 7.89-7.83 (m, 1H, K), 7.32 (ddd,
J1=1.0 Hz,J,=4.5 Hz,J:=8.0 Hz, 1H, H,), 7.00 (s, 1H, i), 6.24 (d,J=3.5 Hz, 1H,
Hy), 5.51 (d,J=4.0 Hz, 1H, OH), 5.47 (d,J=5.5 Hz, 1H, OH), 5.13 (t,J=5.5 Hz,
1H, OHs), 4.17-4.11 (m, 1H, k), 4.01-3.95 (m, 1H, k), 3.89 (dtJ;=2.5 Hz,J,=5.5
Hz, 1H, Hy), 3.74-3.64 (m, 2H, K). **C NMR (125 MHz, DMSO-g): 159.4, 153.8,
149.5, 148.0, 139.7, 138.7, 137.1, 122.8, 119.8,21099.9, 87.9, 86.0, 76.5, 74.5,
61.3; HRMS (ESI)m/z[M+H] " calcd for GeH16N4Os: 345.11935, found: 345.11775.

3-(B-D-Arabinofur anosyl)-6-(3-hydr oksyphenyl)-3H-pyrrolo[2,3-d] pyrimidin-
2(7H)-one (5f). Yield: 74%, yellow solid, m.p.231.5-232.4 °C[a]p?° +84.0 € 1.0,
DMSO0); *H NMR (500 MHz, DMSO-g): 11.67 (s, 1H, NH), 9.60 (s, 1H, OH), 8.39
(s, 1H, G), 7.35-7.14 (m, 3H, K), 6.82-6.73 (m, 1H, W), 6.65 (s, 1H, K), 6.23 (d,
J=3.5 Hz, 1H, H), 5.50 (d,J=4.0 Hz, 1H, OH), 5.43 (d,J=5.5 Hz, 1H, OH), 5.13
(t, J=5.0 Hz, 1H, OHW), 4.17-4.06 (m, 1H, b)), 4.02-3.95 (m, 1H, ki), 3.92-3.85 (m,
1H, Hy), 3.75-3.63 (m, 2H, k). **C NMR (125 MHz, DMSO-¢): 159.8, 157.7,
153.9, 139.1, 138.3, 129.9, 116.0, 115.4, 111.8,31106.9, 87.8, 85.9, 76.5, 74.5,
61.3; HRMS (ESI)m/z[M+H] " calcd for GeH16N4Os: 360.11901, found: 360.11752.

3-(#-D-Arabinofur anosyl)-6-(4-n-pentylphenyl)-3H-pyrrolo[2,3-d] pyrimidin-
2(7H)-one (5g). Yield: 55% yellow solid, m.p124.3-125.9 °C[a]p?° +61.3 € 1.0,
DMSO); *H NMR (500 MHz, CROD): 8.58 (s, 1H, k), 7.58 (d,J=8.0 Hz, 2H, H,),
7.20 (d,J=8.0 Hz, 2H, H,), 6.58 (s, 1H, k), 6.39 (d,J=3.5 Hz, 1H, H), 4.38 (dd,
J1=3.5 Hz,J,=2.0 Hz, 1H, H), 4.16 (t,J=2.0 Hz, 1H, H), 4.11-4.05 (m, 1H, k),
3.90 (d,J=4.5 Hz, 2H, H), 2.61 (t,J=7.5 Hz, 2H, CH), 1.62 (quintet]=7.5 Hz, 2H,
CH,), 1.37-1.31 (m, 4H, 2 x CHi 0.90 (t,J=7.0 Hz, 3H, Me)*C NMR (125 MHz,
CD;0D): 160.5, 156.9, 144.9, 139.2, 130.0, 129.4,2,2B11.6, 97.4, 90.2, 87.3, 78.3,
76.5, 62.9, 36.6, 32.6, 32.2, 23.6, 14.4; HRMS JES®i/z [M+H]" calcd for
Ca2H27N30s: 414.20235, found: 414.20177.
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3-(#-D-Arabinofur anosyl)-6-(3-fluor ophenyl)-3H-pyrrolo[ 2,3-d]pyrimidin-2(7H)-
one (5h). Yield: 94% yellow glass. ¢]p>° +84.3 ¢ 1.0, DMSO):*H NMR (500 MHz,
DMSO-): 11.81 (s, 1H, NH), 8.48 (s, 1H,)C7.74-7.63 (m, 2H, K), 7.52-7.42 (m,
1H, Ha), 7.19-7.11 (m, 1H, W), 6.86 (s, 1H, B), 6.25 (d,J=3.5 Hz, 1H, H), 5.53
(d, J=4.0 Hz, 1H, OH}), 5.50 (d,J=5.0 Hz, 1H, OH), 5.16 (t,J=5.5 Hz, 1H, OH),
4.20-4.12 (m, 1H, b), 4.05-3.96 (m, 1H, k), 3.94-3.86 (m, 1H, k), 3.81-3.75 (m,
2H, Hs). °C NMR (125 MHz, DMSO-g): 162.6 (dJ=243.0 Hz), 159.7, 153.9, 139.1,
137.6, 133.1 (dJ=8.4 Hz), 130.9 (d)=8.6 Hz), 121.1 (dJ=2.3 Hz), 114.8 (dJ=21.3
Hz), 111.7 (dJ=23.1 Hz), 108.2, 98.6, 88.0, 86.0, 76.5, 74.6361F NMR (471
MHz, DMSO-d¢): -112.52. HRMS (ESI): m/z [M+H]* calcd for
Ci7H17FN3Os: 326.11468, found: 326.11510.

3-(#-D-Arabinofuranosyl)-6-(3,5-difluor ophenyl)-3H-pyrrolo[2,3-d] pyrimidin-
2(7H)-one (5i). Yield: 60% yellow crystals, decomposition at ~159C [a]p?° +77.7
(c 1.0, DMSO):*H NMR (500 MHz, DMSO-¢): 11.81 (s, 1H, NH), 8.50 (s, 1H.C
7.58 (d,J=7.0 Hz, 2H, H,), 7.21-7.15 (m, 1H, W), 6.98 (s, 1H, &), 6.24 (d,J=3.5
Hz, 1H, H'), 5.56-5.48 (m, 2H, OF#+OHg), 5.15 (t,J=5.5 Hz, 1H, OH), 4.21-4.13
(m, 1H, H), 4.02-3.96 (m, 1H, k), 3.94-3.87 (m, 1H, ki), 3.75-3.64 (m, 2H, k).
13C NMR (125 MHz, DMSO-g): 162.8 (ddJ;~13.9 Hz,J,~245.2 Hz), 159.6, 153.8,
139.6, 136.5, 134.1 (§~10.8 Hz), 108.0 (m), 103.2 (-26.2 Hz), 99.9, 88.1, 86.0,
76.5, 74.5, 61.2"% NMR (471 MHz, DMSO-g): -109.61. HRMS (ESI)m/z
[M+H] " calcd for G/H15FN3Os: 380.10525, found: 380.10551.

3-(#-D-Arabinofur anosyl)-6-(4-trifluor ometoxyphenyl)-3H-pyrrolo[2,3-
d]pyrimidin-2(7H)-one (5j). Yield: 41%, yellow solid, m.p. 170.8-173.1 °@]4*
+72.0 € 1.0, DMSO);'H NMR (500 MHz, CROD): 8.67 (s, 1H, k), 7.86-7.80 (m,
2H, Ha), 7.35 (d,J=8.0 Hz, 2H, H,), 6.74 (s, 1H, i), 6.39 (d,J=3.5 Hz, 1H, H),
4.36 (dd,J;=2.5 Hz,J,=3.5 Hz, 1H, H), 4.14 (t,J=2.5 Hz, 1H, H), 4.08 (dd J;=2.5

Hz, J,=4.5 Hz, 1H, H), 3.90 (d,J=4.5 Hz, 2H, H). *C NMR (125 MHz, CRQOD):
160.7, 157.0, 150.4, 140.3, 140.2, 131.3, 128Q,4d, 111.3, 99.3, 90.3, 87.5, 78.3,
76.5, 62.9, quarternary carbon in40OFgroup was not observed in carbon spectrum.
Y NMR (471 MHz, CROD): -59.45. HRMS (ESI):m/z [M+H]"* calcd for
C1gH17F3N30s: 428.10640, found: 428.10636.
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3-(#-D-Arabinofur anosyl)-6-methoxymethyl-3H-pyrrolo[2,3-d]pyrimidin-2(7H)-
one (5k). Yield: 31%, white solid, m.p. 147.2 °C (decompiosi). [o]p>° +99.9 € 1.0,
DMSO); *H NMR (500 MHz, CROD): 8.60 (s, 1H, &), 6.37 (d,J=3.5 Hz, 1H, H),
6.29 (s, 1H, ), 4.43 (s, 2H, Chliowm), 4.33 (ddJ1;=2.5 Hz,J,=3.5 Hz, 1H, H), 4.14
(t, J=2.5 Hz, 1H, H), 4.08 (dd ;=2.5 Hz,J,=4.5 Hz, 1H, H), 3.87 (dJ=4.5 Hz, 2H,
Hs), 3.37 (s, 3H, Mgowm); -*°C NMR (125 MHz, CROD): 160.0, 156.9, 140.1, 139.7,
110.4, 101.3, 90.1, 87.4, 78.3, 76.4, 67.9, 68B;3HRMS (ESI)m/z[M+H] " calcd
for C1aH1gN3Os: 312.11901, found: 312.11905.

3-(#-D-Arabinofur anosyl)-6-(3-cyanopropyl)-3H-pyrrolo[ 2,3-d]pyrimidin-2(7H)-
one (51). Yield: 51%, yellow crystals, m.p. 124.8-126.9 °[@]p*° +100.9 ¢ 1.0,
DMSO0); *H NMR (500 MHz, CROD): 8.51 (s, 1H, k), 6.36 (d,J=4.0 Hz, 1H, H),
6.11 (s, 1H, ), 4.35-4.31 (m, 1H, b)), 4.15-4.11 (m, 1H, k), 4.08-4.03 (m, 1H,
Ha), 3.89-3.85 (m, 2H, k), 2.78 (t,J=7.5 Hz, 2H, CHp); 2.50 (t,J=7.0 Hz, 2H,
CHapy); 2.06-1.97 (m, 2H, Ckb); *°C NMR (125 MHz, CROD): 160.0, 156.9,
138.7, 120.7, 110.9, 99.3, 90.0, 87.3, 78.2, "2, 25.1, 27.8, 16.8; HRMS (ESI):
m/z[M+H]" calcd for GsH19N4Os: 312.11901, found: 312.11905.

3-(#-D-Arabinofur anosyl)-6-cyclopr opyl-3H-pyrrolo[2,3-d]pyrimidin-2(7H)-one
(5m). Yield: 46%, beige crystals, m.p. 148.8 °C (decosion). [z]p*° +100.5 ¢ 1.0,
DMSO); *H NMR (500 MHz, DMSO-g): 11.06 (s, 1H, NH), 8.17 (s, 1H,)C6.19 (d,
J=3.5 Hz, 1H, H), 5.89 (s, 1H, k&), 5.47 (d,J=3.5 Hz, 1H, OH), 5.37 (d,J=5.0 Hz,
1H, OHy), 5.11 (bs, 1H, OH), 4.11-4.04 (m, 1H, k), 3.96-3.91 (m, 1H, k), 3.87-
3.82 (m, 1H, ), 3.68-3.61 (M, 2H, K)), 1.92-1.82 (m, 1H, Ck), 0.95-0.87 (m, 2H,
CHacp), 0.81-0.70 (m, 2H, Chdp). *C NMR (125 MHz, DMSO-g): 159.1, 153.9,
143.9, 136.0, 108.0, 94 .4, 87.6, 85.7, 76.5, B2, 9.1, 7.6, 7.4; HRMS (ESin/z
[M+H] ™ calcd for G4H1gN3Os: 308.12410, found: 308.12367.

3-(B-D-Arabinofuranosyl)-6-benzyl-3H-pyrrolo[2,3-d]pyrimidin-2(7H)-one (5n).

Yield: 24%, yellow crystals, m.p. 180.8 °C (decorsition). [a]p*° +78.9 € 1.0,
DMSO); 'H NMR (500 MHz, DMSO-g): 11.07 (s, 1H, NH), 8.26 (s, 1H,)C 7.36-
7.26 (m, 4H, Hy), 7.26-7.18 (m, 5H, H,), 6.20 (d,J=3.5 Hz, 1H, H), 5.91 (s, 1H,
Hs), 5.46 (d,J=4.0 Hz, 1H, OH), 5.36 (d,J=5.0 Hz, 1H, OH), 5.12-5.03 (m, 1H,
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OHs), 4.12-4.05 (m, 1H, ki), 3.97-3.92 (m, 1H, ki), 3.91-82 (m, 3H, Kl + CHygp),
3.65 (m, 2H, H); *C NMR (125 MHz, DMSO-g): 159.3, 153.9, 140.6, 138.3, 137.1,
128.7, 128.4, 126.5, 107.8, 97.7, 87.7, 85.8, 7819, 61.2, 33.7; HRMS (ESIn/z
[M+H] ™ calcd for G4H1gN3Os: 358.13975, found: 358.13915.

3-(#-D-Arabinofur anosyl)-6-n-octyl-3H-pyrrolo[2,3-d]pyrimidin-2(7H)-one (50).
Yield: 63%, white crystals, m.p. 110.5-112.7 °G]of° +72.2 € 1.0, DMSO);'H
NMR (500 MHz, DMSO-g): 11.06 (s, 1H, NH), 8.22 (s, 1H,)6.20 (d,J=3.5 Hz,
1H, Hy), 5.92 (s, 1H, k), 5.46 (d,J=4.0 Hz, 1H, OH), 5.36 (d,J=5.5 Hz, 1H, OH),
5.09 (t,J=5.0 Hz, 1H, OH), 4.11-4.05 (m, 1H, ki), 3.98-3.91 (m, 1H, ki), 3.88-
3.82 (m, 3H, H), 3.65 (t,J=5.0 Hz, 2H, H); 2.51 (t,J=7.5 Hz, 2H, CHo.), 1.65-
1.55 (m, 2H, Chbo), 1.34-1.18 (m, 10H, 5 X Gide), 0.86 (t,J=7.0 Hz, 3H, Mec);
¥C NMR (125 MHz, DMSO-g¢): 159.1, 153.9, 141.8, 136.5, 107.9, 96.3, 87%67.8
76.5, 74.5, 61.2, 31.3, 28.7, 28.6, 28.5, 27.65,222.1, 13.9; HRMS (ESI)m/z
[M+H] ™ calcd for GgH29N3Os: 380.21800, found: 380.21783.

3-(#-D-Arabinofur anosyl)-6-(9-hydr ok sy-n-nonyl)-3H-pyrrolo[ 2,3-d]pyrimidin-
2(7H)-one (5p).

Yield: 32%, white crystals, m.p. 196.3 °C (deconipos). [o]o*° +88.6 € 1.0,
DMSO); *H NMR (500 MHz, DMSO-g): 11.07 (s, 1H, NH), 8.22 (s, 1H4)¢6.20 (d,
J=4.0 Hz, 1H, H'), 5.92 (s, 1H, &), 5.47 (d,J=4.0 Hz, 1H, OH), 5.37 (d,J=5.5 Hz,
1H, OHy), 5.10 (t,J=5.5 Hz, 1H, OH), 4.06-4.12 (m, 1H, ki), 3.98-3.92 (m, 1H,
Hs), 3.88-3.82 (m, 3H, k), 3.66 (t,J=5.5 Hz, 2H, H'); 3.41-3.32 (m, 2H, Chlon),
2.56-2.47 (m, 2H, Chlor), 1.66-1.55 (m, 2H, Chior), 1.44-1.34 (m, 2H, Chilon),
1.33-1.18 (m, 10H, 5 X Ciion); °C NMR (125 MHz, DMSO-g): 159.1, 153.9, 141.9,
136.5, 108.0, 96.3, 87.6, 85.7, 76.5, 74.5, 6102 ,6832.5, 29.0, 28.7, 28.6, 27.6, 27.5,
25.5; HRMS (ESI)m/z[M+H] " calcd for GgH31N3Og: 410.22856, found: 410.22831.

4.2 Biology - Cytotoxic Assays

Céell culture: HL-60 human promyelocytic leukemia cells and Jurkétl human

acute T cell leukemia cells were obtained fromAngerican Type Culture Collection
(Rockville, Maryland, U.S.A.) and maintained in t@ell Culture Collection of the
Institute of Immunology and Experimental Therapwli$h Academy of Sciences
(IIET, PAS), Wroclaw, Poland. Cells were maintainedRPMI-1640 GLUTAMAX
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(Gibco, Scotland, UK) medium containing 100 U/mLnjgdlin, 100 ug/mL
streptomycin (both from Polfa Tarchomin S.A., Wars®oland) and supplemented
with 10% fetal bovine serum (Sigma-Aldrich, Germanyledium for HL-60 cells
was additionally supplemented with 1 mM sodium pgte and 4.5 g/L glucose (both

from Sigma-Aldrich, Germany).

Antiproliferative assays. Cells were plated on 96-well plates (Corning B.\evN
York, USA) at a density of 1 x fccells per well in 10QuL of culture medium
without FBS and antibiotics. After 24 h of inculmatiunder standard conditions (37
°C in humid atmosphere with 5 % G)Qcells were treated with cytarabine analogues
suspended in 10QL of culture medium at final concentrations: 10A6-— 1 — 0.1
ng/mL. After additional 72 h an MTT assay was applas described earli&tThe
optical densities of the samples were measured &yrergy H4 Hybrid Reader
(BioTek Instruments, USA). Two reference compoundse applied: cisplatin and

cytarabine.
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