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Graphical abstract:

New antitumor purine nucleosides inducing apoptasis G2/M cell cycle arrest
Stefan SchwarBianka Siewert, René Csuk, and Amélia P. Rauter
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A series of3-configurated 6-chloropurine nucleosides embodyitgxopyranosyl glycon was prepared.
Low micromolar G, values were determined on human melanoma, lungogadan carcinomas, and
colon adenocarcinoma. The most active compoundigedvdata of the same order of magnitude as that

of the chemotherapeutic cladribine, induced apaptsd produced a G2/M cell cycle arrest.
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Abstract:

Treating cancer has been challenging for decadéewing countless approaches and attempts. Nuicdlessalone or
as part of nucleotides, are vital elements of tivilystems and have shown pharmacological effectsae antibiotic or
antiviral agents. We investigated the antitumoreptidl on human melanoma, lung and ovarian carcasprand on
colon adenocarcinoma of a new series of purineemsides based on a 6-chloropurine or a 2-acetaGictderopurine
scaffold linked to perbenzylated hexosyl (glucogplactosyl and mannosyl) residues. All compoundsevtested in a
sulforhodamine B (SRB) assay for their cytotoxicityd provided micromolar Gl values with order of magnitude
comparable to structurally similar chemotherapeytitamely 2-chloro/2deoxyadenosine (cladribine). Furthermore,
the induction of apoptosis was established andogele analysis was accomplished demonstrating /MG2Il cycle

arrest.
Keywords6-chloropurine; N-glycosylation; antitumor; SRBsag; cell cycle analysis; acridine orange.

1. Introduction

Purine nucleosides and nucleotides have been naagets of anticancer research for several dec&es.of the first
investigations was accomplished by the group oflINoel962 synthesizing a series of thioguanined aramino-6-
alkylthiopurine derivatives [1]. Studies dealinglvEompounds containing purine moietiegy.in gold (ll1l) complexes
[2] or adenine derivatives [3-5] have also beeroreggl and effective camptothecin purine derivatipessessing G
values in micromolar range were synthesized bytlal. [6]. Cabaet al [7] reported on an antiproliferative agent
against the MCF-7 adenocarcinoma with micromolag @lue embodying tetrahydrobenzoxazepiridiiked to a 6-

chloropurine while a coumarin®Minked to a 2-amino-6-chloropurine showed modegatévity (25 — 35 uM) against



the Hela, HepG2 and SW620 cell lines [9]. Vol&tral. accomplished substitutions at different positiafisa 6-
aminopurine scaffold and have shown that some @fithosides exhibited micromolar anticancer agtivitile their
N’- or N-linked glucoside analogues were not active [8].atidition, a 9-norbornyl-6-chloropurine was recentl
reported as a novel antileukemic compound [10]. piexiously reported anticancer potential of 6-chjpurine derived
compounds encouraged us to investigate, for tetfime, a series of purines embodying a 6-chlatzsstution (CP)
or both 6-chloro- and 2-acetamido groups (ACPkdihat N or N’ to perbenzylated-glucosy) b-mannosyland b-
galactosylresidues. The reaction conditions described bycklart al.[11] using a silylated base were optimized for
this type of nucleosides. The anticancer activigswdetermined using a sulforhodamine B (SRB) assajeld Gkg
values for human melanoma, lung and ovarian camté@nd colon adenocarcinoma cancer cell linesh&umore, the
substances were tested on murine embryonic fibstbIl@NiH 3T3) to investigate their tumor cell-tortml-specifity.
In addition, acridine orange/propidium iodide assalPNA laddering experiments and cell cycle anaysesre
performed for the most active compound to gain samf@mation about the mode of action of this familf new

anticancer molecular entities.

2. Results

2.1. Chemistry

Nucleoside synthesis can be performed by a twosspepcedure, starting with the acetylation [12]hatogenation
[13,14] of suitable precursors, followed by reactioith the heterocyclic base. A direct access tdaeusides can be
gained by Lewis acid activation with tin chloridb[16] or TMSOTTf [17] of methyl glycosides in a céan employing
a persilylated purine. Marcelet al. applied TMSOTTf in acetonitrile to link regioseleelly bicyclic pyranosides to
purine scaffolds at their Noosition withB-stereoselectivity [11]. These conditions were stigated in this study for
this nucleoside series. Therefore, monosacchaddgbrs were prepared according to established guves [18]. In
the next step, the molarity of TMSOTf was investigaregarding its impact on the reaction yield AN ratio. The
proportions of the reaction products formed, debeech by'H NMR, are compiled in Table 1, showing that the o
eight equivalents of TMSOTf worked best regardimg toverall yields, while the %N° ratio did not change
significantly by increasing the concentration of $®Tf. However, the expected’ Negioselectivity obtained by
Marcelo et al [11] in the presence of TMSOTTf in acetonitrilecaoed only for theB-mannosylation and thg-
galactosylation of 2-acetamido-6-chloropurine, whhe thermodynamically controlled® Nucleoside was the majpr
anomer resulting from the N-glucosylation and thgaiactosylation of 6-chloropurine. All four isorsef/, N'/N°)
could be detected using these reaction conditi@®s Nevertheless, only tHeanomers were subjected to biological
testings, in as much as they were the predominmties when introducing the glycosyl or galactesgieties and the
a-anomers appeared in very low amount. Therefoss, tle minof-mannosyl nucleosides were isolated and tested in
order to receive comparable biological data to elate structure with bioactivity in this family @bmpounds. The
hydroxy groups of the glycosyl moities remained Zydated, since the presence of benzyl groups emsatire
cytotoxicity of glycosylated compounds [20,21]. Mower, benzyl groups represent a suitable metapasiection.
The configuration of the anomeric center as wethaspurine substitution pattern could be confirrbgdhe observed
chemical shifts in théH and**C NMR spectra and thd,,.; 1., coupling constant of the anomeric proton. Chemical
shifts ofd = 5.4 ppm ta = 5.7 ppm and coupling constantslof 7 toJ = 9 Hz were obtained fargluco ando-
galactoconfigurated derivatives proving an axial positadrthe anomeric proton, while coupling constantamfrox.J

= 1 Hz were determined fermannoconfigurated compounds. In tfi€ NMR spectra, the chemical shiftsof 83 to



0 = 85 ppm for the anomeric carbon are in full agreet with data given in the literature for the aoimcarbon of
otherp-hexopyranosyl nucleosides [22-24]. The distinctimtween N or N° substitution at the purine scaffold can be
achieved by the chemical shift of purine carbom3CP and ACP nucleosides the resonance of C-femfigmé = 131
ppm tod = 128 ppm indicating Nsubstitution while N substitution was characterized by C-5 chemicdtsbf about
0 =122 ppm for CP and abodit= 118 ppm for ACP nucleosides. These assignmeete aiso confirmed with NMR
HMBC experiments.

Table 1: Experimental conditions for the reaction of methys,4,6-tetra@-benzylwu-p-glycoside with the purine (CP or
ACP). Yields and product ratios were determinedtbN\MR experiments. 1 Equivalent of the monosaccteasnd 1.5

equivalents of the silylated purine in dry acetaleitwere used, conventional heating at 65 °C wafopmed.

Entry Purine  eq. TMSOTf Time B-NIN®  Overall yield

1 CP 1 24 h n.g.

2 CP 2 2h 1/1.9 43 %
3 CP 4 2h 1/4.5 62 %
4 CP 8 2h 1/3.8 65 %
5 ACP 1 24 h n.d.

6 ACP 2 2h 1/2.4 1%
7 ACP 4 2h 1/1 62 %
8 ACP 8 2h 1/1.3 63 %

%n.d: no product detected

\/A/ \( v
regioisomer

0 a
Cl Cl
Ms™ N/k

\J

OMe 4 N®
T 0 |
OTMS
R= H, N//gu Me

R'=H, Glc-N’-CP (19%) 7 R'=NHAc, Glc-N’-ACP (25%)
=H, Glc-N°-CP (30%) 8 R'=NHAc, Glc-N°-ACP (35%)
=H, Gal-N’-CP (15%) 9 R'=NHAc, Gal-N"-ACP (47%)

R'=H, Gal-N°-CP (44%) 10 R'= NHAc, Gal-N°-ACP (18%)

R'=H, Man-N’-CP (16%) 11 R' = NHAc, Man-N"-ACP (26%)

R'=H, Man-N°-CP (13%) 12 R'=NHAc, Man-N°-ACP (3%)

O h WON -

Scheme 1. Synthesis of the nucleosides. CP: 6-chloropurin€PA 2-acetamido-6-chloropurine. Reagents and
conditions: (a) TMSOTf, CECN, 65 °C, 2 h.



2.2. Biology

The cytotoxic activities of all synthesized compdsirare represented by theirsg¥alues given in Table 2. The values
were determined in photometric SRB assays, using ddferent human tumor cell lines as well as marembryonic
fibroblasts (NiH 3T3). Some general tendenciesdda observed within the bounds of our study. Wihiekepurines CP
and ACP did not show any activity below gM (cut-off), their N-glycosylation, increased codiably their cytotoxic

activity. In general, the ACP nucleosides showeaghéi activities than the corresponding CP analageeghermore,

N’ derivatives showed lower Glvalues when compared to theit fégioisomers.

Table 2: Cytotoxicity (Gkg in uM) of compoundsl-12 measured in SRB-assays with 4 different human eracell

lines and non-malignant murine embryonic fibroda®iH 3T3) in comparison to their parent purindg? #hd ACP as

well as to betulinic acid [25,26] and tamoxifen 27

Purine, N'/N® 518A2 A2780 A549 HT-29 NiH 3T3
purine (melanoma) (lung (ovarian (colon
nucleoside” carcinoma) carcinoma) adenocarcinoma)
CP >30 >30 >30 >30 >30
ACP >30 >30 >30 >30 >30

1 GlcCP N 47101 6.3+0.1 42+0.2 6.8+0.4 6.9+0.1
2 GlcCP N >30 >30 17.9+8.7 n.d. 29.2+13.9
3 GalCP N’ 9.0+0.3 4.0+1.0 8.1+0.7 19.7+1.1 7.9+29
4 GalCP N° >30 >30 20.2+16.4 n.d. 18.6+6.1
5 ManCP N’ 13.5+0.6 109+0.1 9.4+0.2 11.0+11 9.8+24
6 ManCP N° 13.7+34 27.1+1.9 295+6.4 25.3+15 11.2+5.2
7 GIcACP N 3.4+01 3.5+0.1 46+0.4 3.9+0.1 3.6+0.1
8 GIcACP NP 7.6+0.1 15.6+0.8 23.2+0.6 >30 8.8+0.3
9 GalACP N 3.8+0.1 5.5+0.3 41+04 4.1+0.6 42+0.8
10 GalACP N 8.9+44 11.0+3.2 17.5+6.8 15.7+8.4 7.3&3.
1 ManACP N’ 2.0+£0.1 22+0.1 16+0.2 15+0.1 14+0.1
12 ManACP N 11.5+0.3 154+0.2 13.0+0.1 13.2+0.2 8.720
- Betulinic acid - 11.9+0.6 11.0+0.6 149+0.7 6.1+0.8 10.0+0.5
- Tamoxifen - 76+0.5 78+05 9.7+£0.7 - 7350

8Gls, values represent mean values of 3 independentumeasnts and were calculated applying the two-patden

Hill slope equation®Betulinic acid and tamoxifen are standard anticadcegs.



The influence of the glycosyl moiety was, howevess significant. The introduction of glucosyl agalactosyl groups
showed similiar results, e.g. §halues from 18 to above 3M were determined for compoun@sand4, both N CP
regioisomers, exhibiting the lowest activities amgstthe CP nucleosides tested. In contrast, thosleosides bearing a
mannosyl group showed the highest cytotoxic paaénfihe only exception was compouBida N’ CP nucleoside,
possessing @ values between 9 and {4M. The corresponding ACP derivatilé exhibited Gi, values of 1.4 to 2.2
MM and is the most potent compound of this invesitiga This compound exhibited a higher cytotoxidtign betulinic
acid (Gky from 11.0 to 14.9uM [25,26]) or tamoxifen (G} from 7.6 to 9.7uM [27]), two common antitumor drugs.
However, no selectivity was detected when thesstanbes were tested on murine embryonic fibrobldat#s3T3, a
non-malignant cell line.

Figure 1. Results of AO/PI assay using HT-29 cells treatétl eompoundLl (5 pM) for 24 h, floated cells collected

Figure 2. DNA fragmentation scatter of the DNA ladderingassising HT-29 cells tested with compoutid(5 pM)
for 24 h



The ability to trigger apoptosis is a fundamentabldy of potent anticancer drugs. Consequentlg, most active
compound 11 of this study was subjected to further screeniagplying a dye exclusion assay (acridine
orange/propidium iodide, AO/PI) [28,29], DNA laddey assay [25] and cell-cycle analysis [30]. The@egrance of
green fluorescent cells with sections of diverderisity indicated thatl is able to trigger apoptosis in HT-29 cells
(Figure 1). This circumstance was confirmed by tkeults of the DNA laddering test (Figure 2) shayvithe
characteristic DNA fragmentation.

As a result of the AO/PI assay, the induction giragrammed cell death (PCD) [31] ¥ could be demonstrated.
Membrane integrity is a typical hallmark of PCDikele.g. apoptosis. For an accidental cell death (necraeis)
membrane disruption is described, instead. Necrstils are stained in this assay red, due to iatation of the cell
membrane impermeable dye (propidium iodide, PP the DNA double strand [32].

Additionally, investigation of the cell morphologuggested a PCD mediated by apoptosis, due tociterence of
typical membrane blabbing. Also, the occurrencenahy mitotic cells indicates a potential interroptin the last cell
cycle phase (mitosis); some of the cells seem tartested in the telophase.

To establish the induction of apoptosis, the DNAiahed fraction of the death-cells was submittedatayel-
electrophoresis based fragmentation assay (DNAeladdsay). As depicted in Fig 1 by the occurreriogeti-defined
178 kBp DNA fragments and multiples thereof, treatitof the cells witlil led to DNA fragmentation and thus, to the
activation of the caspase-activated DNAse (CAD).[3Be latter is another typical hallmark of thespase mediated
apoptosis.

Triggering of apoptosis is known to be possilla several caspase dependent routes, besides amsimtand an
extrinsic way, an inhibition of the cell cycle régting cyclin-dependend kinases (cdks) is knowaftect the cell cycle
distribution and hence to trigger apoptosis [34R,2-Trisubstituted purine derivatives are abléntaibit CDKs and
some of them led to a specific G2 phase arrestngtiog apoptosis in MT-2 cells [35], while severdher CDK
inhibiting purine analogues were shown to inducggaificant G1 arrest or to trigger apoptosis irglegently from the
trapping of the cell cycle [36]. To gain a deepwight into the modulation of the cell cycle, cellere treated witil
and submitted to a cell cycle distribution assay/shown in fig. 3, a significant G2/M phase arkess$ induced by the
compound after an incubation period of 24 h.
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Figure 3. Results of the cell cycle analysis in a size-nunthagram using HT-29 cells, left — control, right

compound!l (5 uM); incubation time was 24 h



Conclusions

A new family of anticancer nucleosides embodyin@-ahloropurine or a 2-acetamido-6-chloropurine didkto a
hexosyl moiety is here disclosed. The structuratuiees common to the most active compounds ar@-teetamido
group and the Nglycosyl linkage, in contrast to theinkage present in the antitumor purine derivatidescribed in
the literature. The mannosyl group was presenhénmost active nucleoside, but the analogue galgictaucleoside
also showed G} values of the same order of magnitude. They wet@eaon human melanoma, lung and ovarian
carcinomas, and colon adenocarcinoma in low micfanmange, and the most active compounds provided df the
same order of magnitude (e.g. compoudfdvith Glsg1.5 uM) as that of the structurally simillar chemothezafic 2-
chloro-2-deoxyadenosine (cladribine, &R2.43uM on U266 leukemia [35]).

A membrane-stability analysis (AO/PI assay), ad agla DNA-fragmentation assay with the most potemtpoundll
confirmed the cytocidal effect leading to apoptokisaddition, cell cycle analyses suggest an irdunode-of-action
via modulation of DNA-synthesis. The process is a kménallmark of several clinical-approved and streaily related
deoxyadenosine analogues.d. fludarabine, pentostatin or cladribine [38-40]yedtment with these drugs offered
several benefits, for example promising overaliviual rates at 12 years of 75-87% for the treatnefnhairy cell
leukemia with 2-chlorodeoxyadenosine [41]. Howevesistance of the tumor ceNga a down regulation of drug-
activating enzymes (dCK and dGK [42]) urges theessity of further improvements [37,43]. Our findsngpnfirm the
potential of hexopyranosyl glycon based purines aagewarding starting point for further pharmacodadi

investigations.
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3. Experimental Section

3.1. Synthesis and analysis

Reagents were bought from commercial suppliersowitlany further purification. Melting points wereasured with a
Melting Point Apparatus, SMP3, Stuart Scientifiapl/ and were not corrected. NMR spectra were dEugbron
BRUKER Avance 400 spectrometer at 298 K with trinyégilane as an internal standasdare given in ppm and in
Hz. Mass spectra were taken on a FINNIGAN MAT TS@DQ (electrospray, voltage 4.5 kV, sheath gas gdtnd
instrument. Elemental analyses were measured @sstHeraeus Vario EL unit. Optical rotations weséedmined on a
Perkin-Elmer 341 polarimeter. TLC was performed glica gel (Merck 5554). Solvents were dried befase
according to usual procedures. The purity of thepounds was checked by HPLC-DAD and found to bé& ®for

each compound.

3.2. General procedure for the N-glycosylation



N,O-Bis(trimethylsilyl)acetamide (BSA) (1.5 eq. forhoropurine and 3.0 eq. for 2-acetamido-6-chlorom)r was
added to a mixture of the respective purine (1.5 gqgdry acetonitrile (10 mL). The mixture wasrsd at room
temperature for 40 min. Then, the methyl glycogitiesq.), dissolved in dry acetonitrile (2 mL), atmonethylsilyl
trifluoromethanesulfonate (TMSOTTf, 8 eq.) were atld&fter continous stirring at 65 °C for 2 h, thelwtion was
poured into dichloromethane (10 mL), washed wiaturated solution of N@O; and extracted with dichloromethane
(3 x 15 mL). The combined organic layers were wdshigh brine, dried (MgSg) and concentrated. Compounds were

isolated by column chromatography.

3.2.1. 6-Chloro-7-(2,3,4,6-tetra-O-benz#>-glucopyranosyl)purine 1) and 6-chloro-9-(2,3,4,6-tetra-O-benzsip-
glucopyranosyl)purine?)

The compounds were obtained by the reaction of yhét|8,4,6-tetra®-benzyl a-D-glucopyranoside (280 mg, 0.50
mmol) and 6-chloropurine (122 mg, 0.75 mmol) acowdto the general procedure. Purification by catum
chromatography (ethyl acetate/cyclohexane 1:1yddfdl (65 mg, 19 %) an@ (103 mg, 30 %). Data fdr: colourless
oil; R; = 0.10 (ethyl acetate/hexane 1:2)} £ -9° (¢ 1.01, CHC}); MS (ESI):m/z (%) = 587.1 ([M-Bn+H]J, 90), 609.3
(IM-Bn+Na]*, 48), 677.0 ([M+H], 100);'H NMR (400 MHz, CDCJ): 5 = 8.84 (s, 1H, H-2), 8.23 (s, 1H, H-8), 7.40-
7.17 (m, 15H, Brarom), 7.07-6.95 (m, 3H, Barom), 6.74 (m, 2H, Brarom), 5.72 (br, 1H, H-J, 5.01 (part A of AB
system, 1H, Bn-@H', J = 10.9), 4.95 (part B of AB system, 1H, Bn-8KJ = 10.9), 4.89 (part A of AB system, 1H,
Bn-CHH', J = 10.7), 4.64 (part B of AB system, 1H, Bn-8KJ = 10.7), 4.63 (part A of AB system, 1H, BiH8', J =
11.5), 4.54 (part A of AB system, 1H, BrH8', J = 12.1), 4.48 (part B of AB system, 1H, Bn-BHJ = 12.1), 4.23
(part B of AB system, 1H, Bn-CHi, J = 11.5), 3.97-3.86 (br, 3H, H-2nd H-3 and H-5), 3.78-3.70 (br, 3H, H‘4and
H-6'a and H-&) ppm;*C NMR (100 MHz, CDG)): § = 161.4 (C-4), 152.1 (C-2), 147.0 (C-8), 143.16)C137.8 (Bn-
Cq), 137.5 (Bn-Cq), 137.5 (Bn-Cq), 135.8 (Bn-C8B (Bnarom), 128.6 (Bnarom), 128.5 (Bnarom), 128.5 (Bn-
arom), 128.4 (Bnarom), 128.4 (Bnarom), 128.2 (Bnarom), 128.2 (Bnarom), 128.1 (Bnarom), 128.0 (Bnarom),
128.0 (Bnarom), 128.0 (Bnarom), 128.0 (Bnarom), 127.9 (Bnarom), 127.9 (Bnarom), 127.8 (Bnarom), 127.8
(Bn-arom), 127.8 (Bnarom), 127.7 (Bnarom), 127.7 (Bnarom), 122.1 (C-5"), 86.0 (C‘g 85.2 (C-1), 80.1 (C-2),
78.1 (C-4), 77.2 (C-5), 75.9 (Bn-CH), 75.3 (Bn-CH), 74.7 (Bn-CH), 73.5 (Bn-CH), 68.2 (C-6) ppm. Elemental
analysis calculated forggHs,CIN,O5 (677.2): C, 69.17; H, 5.51; N, 8.27; found: C,98.H, 5.42; N, 8.02.

Data for2: colourless crystals; mp 146-149°C; R 0.35 (ethyl acetate/hexane 1:23)} £ -24° ( 1.03, CHC)); MS
(ESI): m/z (%) = 677.1 ([M+H], 100), 699.3 ([M+Na] 29), 1354.7 ([2M+H], 12);'H NMR (400 MHz, CDC}J): 6 =
8.68 (s, 1H, H-2), 8.03 (s, 1H, H-8), 7.39-7.27 @8H, Bnarom), 7.23-7.18 (m, 2H, Biarom), 7.12 (m, 1H, Bn-
arom), 6.99 (m, 2H, Brarom), 5.59 (d, 1H, H-1 J = 9.0), 4.99 (part A of AB system, 1H, Brid€l', J = 11.0), 4.94
(part B of AB system, 1H, Bn-CiHi, J = 11.0), 4.88 (part A of AB system, 1H, BiH8', J = 10.7), 4.65 (part B of AB
system, 1H, Bn-CH', J = 10.7), 4.61 (part A of AB system, 1H, BiHE', J = 11.7), 4.55 (part A of AB system, 1H,
Bn-CHH', J = 12.2), 4.48 (part B of AB system, 1H, Bn-BKJ = 12.2), 4.17 (part B of AB system, 1H, Bn-BHJ =
11.7), 4.07 (t, 1H, H2J = 9.0), 3.91 (dd, 1H, H:3J = 9.0, 8.3), 3.87 (dd, 1H, H-4 = 9.6, 9.1), 3.76-3.69 (br, 3H, H-
6'a and H-5and H-8b) ppm:*C NMR (100 MHz, CDGJ): § = 152.0 (C-2', 151.4 (C-4), 151.0 (C-6), 143.28)C-
137.9 (Bn-Cq), 137.7 (Bn-Cq), 137.6 (Bn-Cq), 13@n-Cq), 131.5 (C-5), 128.5 (Barom), 128.5 (Bnarom), 128.5
(Bn-arom), 128.5 (Bnarom), 128.4 (Bnarom), 128.4 (Bnarom), 128.1 (Bnarom), 128.1 (Bnarom), 128.1 (Bn-
arom), 128.0 (Bnarom), 128.0 (Bnarom), 127.9 (Bnarom), 127.8 (Bnarom), 127.8 (Bnarom), 127.8 (Bnarom),



127.7 (Bnarom), 127.7 (Bnarom), 127.7 (Bnarom), 127.7 (Bnarom), 127.7 (Bnarom), 85.9 (C-3), 83.3 (C-1),
79.9 (C-2), 78.3 (C-5), 77.2 (C-4), 75.9 (Bn-CH), 75.3 (Bn-CH)), 74.9 (Bn-CH)), 73.5 (Bn-CH), 68.2 (C-6) ppm.
Elemental analysis calculated fosB3;CIN,Os (677.2): C, 69.17; H, 5.51; N, 8.27; found: C,89.H, 5.38; N, 8.11.

3.2.2. 6-Chloro-7-(2,3,4,6-tetra-O-benz-galactopyranosyl)purine3j and 6-chloro-9-(2,3,4,6-tetra-O-benzsip-
galactopyranosyl)purined]

The compounds were obtained by the reaction of yhé&3,4,6-tetra®-benzyl a-D-galactopyranoside (280 mg, 0.50
mmol) and 6-chloropurine (122 mg, 0.75 mmol) acogydto the general procedure. Purification by catum
chromatography (ethyl acetate/cyclohexane 1:1yddfd3 (51 mg, 15 %) and (151 mg, 44 %). Data f@: colourless
oil; R = 0.30 (ethyl acetate/hexane 1:19} f -22° ¢ 1.00, CHC})); MS (ESI):mVz (%) = 587.0 ([M-Bn+H], 100),
609.3 ([M-Bn+Na], 70), 676.9 ([M+H], 7); *"H NMR (400 MHz, CDC}): 6 = 8.83 (s, 1H, H-2), 8.26 (s, 1H, H-8),
7.44-7.23 (m, 15H, Barom), 7.11-6.96 (m, 3H, Barom), 6.75 (m, 2H, Brarom), 5.78 (d, 1H, H-1 J = 8.1), 5.01
(part A of AB system, 1H, BndgH', J = 11.2), 4.85 (part A of AB system, 1H, BiH8', J = 11.6), 4.78 (part B of AB
system, 1H, Bn-CH', J = 11.6), 4.70 (part A of AB system, 1H, BiH€E', J = 11.4), 4.36 (part B of AB system, 1H,
Bn-CHH', J = 11.2), 4.48 (part A of AB system, 1H, BiH&', J = 11.8), 4.43 (part B of AB system, 1H, Bn-BHJ =
11.8), 4.28 (part B of AB system, 1H, Bn-8HJ = 11.4), 4.29 (dd, 1H, H-2), 4.10 (t, 1H, H¥#s 1.9), 3.86 (i, 1H, H-
5,J=6.3), 3.81 (dd, 1H, H-3,= 9.4, 2.5), 3.66-3.58 (m, 2H, Heband H-6) ppm;*C NMR (100 MHz, CDG)): 6 =
161.6 (C-4), 152.1 (C-2), 147.2 (C-8), 143.2 (C-838.2 (Bn-Cqg), 137.5 (Bn-Cq), 137.4 (Bn-Cq), 136Bh-Cq),
128.6 (Bnarom), 128.6 (Bnarom), 128.5 (Bnarom), 128.5 (Bnarom), 128.4 (Bnarom), 128.4 (Bnarom), 128.2
(Bn-arom), 128.2 (Bnarom), 128.0 (Bnarom), 128.0 (Bnarom), 128.0 (Bnarom), 128.0 (Bnarom), 128.0 (Bn-
arom), 127.9 (Bnarom), 127.9 (Bnarom), 127.8 (Bnarom), 127.8 (Bnarom), 127.8 (Bnarom), 127.6 (Bnarom),
127.6 (Bnarom), 122.3 (C-5), 85.2 (C*}, 83.4 (C-3), 77.2 (C-2), 76.6 (C-5), 75.0 (Bn-CH), 74.9 (Bn-CH), 73.6
(Bn-CHy), 73.1 (C-4), 72.6 (Bn-CH), 68.2 (C-6) ppm. Elemental analysis calculated fopH:/CIN,Os (677.2): C,
69.17; H, 5.51; N, 8.27; found: C, 68.97; H, 5.89;7.99.

Data for4: colourless oil; R= 0.30 (ethyl acetate/hexane 1:2)} £ -16° (¢ 0.92, CHC}); MS (ESI):m/z (%) = 497.1
([M-2Bn+H]", 8), 519.3 ([M-2Bn+N4d} 12), 587.1 ([M-Bn+H], 23), 609.4 ([M-Bn+Na] 24), 677.1 ([M+H], 100),
699.3 ([M+Na[, 49); 'H NMR (400 MHz, CDC)): 6 = 8.72 (s, 1H, H-2), 8.07 (s, 1H, H-8), 7.44-7(24 15H, Bn-
arom), 7.16 (m, 1H, Brarom), 7.03 (m, 2H, Brarom), 6.64 (m, 2H, Brarom), 5.68 (d, 1H, H-1 J = 9.0), 5.05 (part
A of AB system, 1H, Bn-&H', J = 11.5), 4.84 (part A of AB system, 1H, BiH8', J = 11.7), 4.79 (part B of AB
system, 1H, Bn-CH', J = 11.7), 4.70 (part B of AB system, 1H, Bn-BHJ = 11.5), 4.69 (part A of AB system, 1H,
Bn-CHH', J = 11.6), 4.48 (part A of AB system, 1H, BiH@', J = 11.9), 4.43 (part B of AB system, 1H, Bn-BHJ =
11.9), 4.32 (dd, 1H, H*2J = 9.2, 9.0), 4.24 (part B of AB system, 1H, Bn4@HJ = 11.6), 4.09 (br, 1H, H} 3.87-
3.84 (br, 2H, H-5and H-3), 3.61-3.59 (br, 2H, H‘@ and H-&) ppm;**C NMR (100 MHz, CDGJ): § = 152.0 (C-2),
151.6 (C-4), 150.8 (C-6), 143.0 (C-8), 138.3 (BnC137.7 (Bn-Cq), 137.4 (Bn-Cq), 136.4 (Bn-Cq), 13{C-5),
128.6 (Bnarom), 128.6 (Bnarom), 128.4 (Bnarom), 128.4 (Bnarom), 128.3 (Bnarom), 128.3 (Bnarom), 128.1
(Bn-arom), 128.1 (Bnarom), 128.0 (Bnarom), 127.9 (Bnarom), 127.9 (Bnarom), 127.9 (Bnarom), 127.9 (Bn-
arom), 127.9 (Bnarom), 127.9 (Bnarom), 127.8 (Bnarom), 127.8 (Bnarom), 127.8 (Bnarom), 127.6 (Bnarom),
127.6 (Bnarom), 83.4 (C-3), 82.8 (C-1), 77.7 (C-2), 76.6 (C-5), 75.1 (Bn-CH), 74.7 (Bn-CH), 73.6 (Bn-CH), 73.2
(C-4), 72.8 (Bn-CH), 68.2 (C-6) ppm. Elemental analysis calculated fagHz,CIN4Os (677.2): C, 69.17; H, 5.51; N,
8.27; found: C, 69.00; H, 5.77; N, 8.17.



3.2.3. 6-Chloro-7-(2,3,4,6-tetra-O-benz#e-mannopyranosyl)purine5] and 6-chloro-9-(2,3,4,6-tetra-O-benzsip-

mannopyranosyl)purines)

The compounds were obtained by the reaction of yh&]3,4,6-tetra®-benzyl a-D-mannopyranoside (250 mg, 0.45
mmol) and 6-chloropurine (104 mg, 0.67 mmol) acogydto the general procedure. Purification by catum
chromatography (ethyl acetate/cyclohexane 1:1yddfd5 (49 mg, 16 %) ané (40 mg, 13 %). Data fds: colourless
oil; R = 0.31 (ethyl acetate/hexane 1:1)] £ +62° € 1.02, CHCJ); MS (ESI):mVz (%) = 587.1 ([M-Bn+H], 100),
609.3 ([M-Bn+Naj, 29), 677.0 ((M+H], 4); *H NMR (400 MHz, CDCJ): 6 = 8.77 (s, 1H, H-2), 8.51 (s, 1H, H-8),
7.46-7.23 (m, 15H, Barom), 6.92-6.86 (m, 3H, Barom), 6.73 (m, 2H, Brarom), 6.90 (d, 1H, H-1 J = 1.0), 4.98
(part A of AB system, 1H, BndgH', J = 10.8), 4.90 (part A of AB system, 1H, BiHE', J = 11.7), 4.80 (part B of AB
system, 1H, Bn-CH', J = 11.7), 4.68 (part A of AB system, 1H, BiH@&', J = 11.8), 4.66 (part B of AB system, 1H,
Bn-CHH', J = 10.8), 4.64 (part A of AB system, 1H, BiH&', J = 12.4), 4.56 (part B of AB system, 1H, Bn-BHJ =
12.4), 4.07 (t, 1H, H*4J = 9.5), 4.02 (dd, 1H, H-2) = 2.5, 1.0), 3.84 (dd, 1H, H-3 = 9.5, 2.5), 3.79-3.77 (br, 2H, H-
6'a and H-&), 3.71 (dt, 1H, H-5J = 9.5, 3.6), 4.34 (part B of AB system, 1H, Bn4@HJ = 11.8) ppm;**C NMR
(100 MHz, CDC}): 6 = 161.8 (C-4), 151.8 (C-2), 147.9 (C-8), 141.16)¢137.8 (Bn-Cq), 137.7 (Bn-Cq), 137.4 (Bn-
Cq), 135.6 (Bn-Cq), 128.8 (Barom), 128.8 (Bnarom), 128.5 (Bnarom), 128.5 (Bnarom), 128.5 (Bnarom), 128.5
(Bn-arom), 128.4 (Bnarom), 128.4 (Bnarom), 128.3 (Bnarom), 128.1 (Bnarom), 128.1 (Bnarom), 128.0 (Bn-
arom), 128.0 (Bnarom), 128.0 (Bnarom), 128.0 (Bnarom), 127.9 (Bnarom), 127.8 (Bnarom), 127.7 (Bnarom),
127.7 (Bnarom), 127.7 (Bnarom), 120.4 (C-5), 83.9 (C}, 82.3 (C-3), 75.4 (Bn-CH), 74.1 (Bn-CH), 74.0 (Bn-
CH,), 73.6 (C-B), 73.5 (Bn-CH), 72.8 (C-2), 73.5 (C-4), 67.8 (C-6) ppm. Elemental analysis calculated for
C3oH3,CIN,O5 (677.2): C, 69.17; H, 5.51; N, 8.27; found: C,88.H, 5.62; N, 8.17.

Data for6: colourless oil; R= 0.24 (ethyl acetate/hexane 1:2j} £ +56° (€ 0.91, CHC{); MS (ESI):m/z (%) = 677.1
(IM+H]", 100), 699.3 (IM+N4] 38);'H NMR (400 MHz, CDCJ): § = 8.55 (s, 1H, H-2), 8.38 (s, 1H, H-8), 7.43-7.20
(m, 15H, Bnarom), 7.06-6.98 (m, 3H, Barom), 6.86 (m, 2H, Brarom), 5.81 (d, 1H, H-1 J = 1.1), 4.95 (part A of
AB system, 1H, Bn-@H', J = 10.8), 4.84 (m, 2H, Bn-C}j{ 4.76 (part A of AB system, 1H, BnHH', J = 11.6), 4.65
(part B of AB system, 1H, Bn-GHi, J = 10.8), 4.62 (part A of AB system, 1H, Bid€', J = 12.3), 4.56 (part B of AB
system, 1H, Bn-CH', J = 12.3), 4.33 (part B of AB system, 1H, Bn-BHJ = 11.6), 4.08-4.10 (br, 2H, H-and H-4),
3.91 (dd, 1H, H-3 J = 9.4, 2.6), 3.77-3.71 (br, 3H, Macand H-6 and H-5 ppm;**C NMR (100 MHz, CDGCJ): ¢ =
151.3 (C-2), 150.6 (C-6), 149.8 (C-4), 144.6 (C-B37.8 (Bn-Cq), 137.8 (Bn-Cq), 137.6 (Bn-Cq), 136EN-Cq),
130.7 (C-5), 128.6 (Bafom), 128.6 (Bnarom), 128.5 (Bnarom), 128.5 (Bnarom), 128.5 (Bnarom), 128.5 (Bn-
arom), 128.5 (Bnarom), 128.4 (Bnarom), 128.4 (Bnarom), 128.1 (Bnarom), 128.1 (Bnarom), 128.0 (Bnarom),
128.0 (Bnarom), 128.0 (Bnarom), 127.9 (Bnarom), 127.8 (Bnarom), 127.7 (Bnarom), 127.7 (Bnarom), 127.6
(Bn-arom), 127.6 (Bnarom), 83.1 (C-3), 82.1 (C-1), 78.8 (C-5), 75.5 (Bn-CH), 74.1 (C-4), 74.4 (Bn-CH), 73.5
(Bn-CH,), 73.2 (Bn-CH), 72.6 (C-2), 68.8 (C-6) ppm. Elemental analysis calculated fopH:,CIN,Os (677.2): C,
69.17; H, 5.51; N, 8.27; found: C, 69.04; H, 5.K68.04.

3.2.4. 2-Acetamido-6-chloro-7-(2,3,4,6-tetra-O-bd#D-glucopyranosyl)purine 7) and 2-Acetamido-6-chloro-9-
(2,3,4,6-tetra-O-benzy-D-glucopyranosyl)purineg)

The compounds were obtained by reaction of mett8#4b-tetra®-benzyla-D-glucopyranoside (280 mg, 0.50 mmol)



and 2-acetamido-6-chloropurine (156 mg, 0.75 mnaggording to the general procedure. Purificationcbhiumn
chromatography (ethyl acetate/cyclohexane 1:1)yddfd7 (91 mg, 25 %) an® (127 mg, 35 %). Data fof: yellow
crystals; mp 71-74°C; /R 0.09 (ethyl acetate/hexane 1:19] F -13° (€ 0.99, CHC{); MS (ESI):m/z (%) = 734.1
(IM+H]", 100), 756.2 ([M+Na] 78);'H NMR (400 MHz, CDCJ): ¢ = 8.15 (s, 1H, H-8), 8.06 (s, 1H, NH), 7.39-7.17
(m, 15H, Bnarom), 7.10-6.99 (m, 3H, Barom), 6.80 (m, 2H, Brarom), 5.61 (br, 1H, H-1, 5.00 (part A of AB
system, 1H, Bn-BH', J = 10.9), 4.94 (part B of AB system, 1H, Bn-8KJ = 10.9), 4.88 (part A of AB system, 1H,
Bn-CHH', J = 10.7), 4.64 (part A of AB system, 1H, BiH€&', J = 11.5), 4.63 (part B of AB system, 1H, Bn-BHJ =
10.7), 4.54 (part A of AB system, 1H, BriH@l', J = 12.1), 4.48 (part B of AB system, 1H, Bn-8KJ = 12.1), 4.24
(part B of AB system, 1H, Bn-CHi, J = 11.5), 3.94-3.84 (br, 3H, H-2nd H-3 and H-5), 3.77-3.67 (br, 3H, H:4and
H-6' and H-6b), 2.64 (s, 3H, Ac-Me) ppnt’C NMR (100 MHz, CDGJ): § = 167.6 (Ac-COO0), 162.8 (C-4), 152.1 (C-
2), 149.3 (C-8), 143.6 (C-6), 137.7 (Bn-Cq), 13{B"n-Cq), 136.6 (Bn-Cq), 136.0 (Bn-Cq), 128.6 (Bmm), 128.6
(Bn-arom), 128.5 (Bnarom), 128.5 (Bnarom), 128.4 (Bnarom), 128.4 (Bnarom), 128.3 (Bnarom), 128.3 (Bn-
arom), 128.1 (Bnarom), 128.1 (Bnarom), 128.0 (Bnarom), 128.0 (Bnarom), 128.0 (Bnarom), 127.9 (Bnarom),
127.9 (Bnarom), 127.8 (Bnarom), 127.8 (Bnarom), 127.8 (Bnarom), 127.7 (Bnarom), 127.7 (Bnarom), 117.9
(C-5), 85.9 (C-1), 85.9 (C-3), 78.1 (C-4), 77.2 (C-2), 77.2 (C-5), 75.9 (Bn-CH), 75.3 (Bn-CH), 74.7 (Bn-xCH),
73.5 (Bn-CH), 68.3 (C-6), 25.2 (Ac-Me) ppm. Elemental analysis calculaf@dC,;H;,CINsOg (734.2): C, 67.07; H,
5.49; N, 9.54; found: C, 66.81; H, 5.52; N, 9.33.

Data for8: colourless oil; R= 0.53 (ethyl acetate/hexane 1:19] £ -24° (¢ 1.01, CHC)); MS (ESI):m/z (%) = 734.2
(IM+H] *, 84), 756.3 ((M+Na], 100), 1468.9 ([2M+H] 22), 1489.7 ([2M+N4d] 8); '"H NMR (400 MHz, CDCJ): 6 =
8.05 (s, 1H, NH), 8.92 (s, 1H, H-8), 7.39-7.18 (iBH, Bnarom), 7.12-6.98 (m, 3H, Barom), 6.71 (m, 2H, Bn-
arom), 5.38 (d, 1H, H-1 J =9.1), 5.00 (part A of AB system, 1H, BrH8', J = 11.0), 4.94 (part B of AB system, 1H,
Bn-CHH', J = 11.0), 4.88 (part A of AB system, 1H, BHE', J = 10.7), 4.64 (part B of AB system, 1H, Bn-BHJ =
10.7), 4.61 (part A of AB system, 1H, BriH8', J = 11.6), 4.52 (part A of AB system, 1H, BiH@&', J = 12.1), 4.45
(part B of AB system, 1H, Bn-CHi, J = 12.1), 4.24 (part B of AB system, 1H, Bn-8HJ = 11.6), 4.11 (t, 1H, H‘2J
=9.0), 3.87 (t, 1H, H3J = 9.0), 3.80 (t, 1H, H*4J = 9.0), 3.75-3.68 (br, 3H, H®and H-& and H-5), 2.50 (s, 3H,
Ac-Me) ppm;**C NMR (100 MHz, CDGJ): 6 = 171.1 (Ac-COO), 151.9 (C-2), 151.8 (C-4), 15(C26), 143.0 (C-8),
137.9 (Bn-Cq), 137.5 (Bn-Cq), 137.5 (Bn-Cq), 13@B8-Cq), 128.5 (Brarom), 128.5 (Bnarom), 128.5 (Bnarom),
128.5 (Bnarom), 128.4 (Bnarom), 128.4 (Bnarom), 128.0 (Bnarom), 128.0 (Bnarom), 128.0 (Bnarom), 128.0
(Bn-arom), 128.0 (Bnarom), 128.0 (Bnarom), 127.9 (Bnarom), 127.9 (Bnarom), 127.9 (Bnarom), 127.8 (Bn-
arom), 127.8 (Bnarom), 127.8 (Bnarom), 127.8 (C-5), 127.7 (Barom), 127.7 (Bnarom), 85.9 (C-3), 83.8 (C-J),
75.1 (C-2), 77.9 (C-5), 77.2 (C-4), 75.8 (Bn-CH), 75.2 (Bn-CH), 74.5 (Bn-CH), 73.5 (Bn-CH), 68.2 (C-6), 25.2
(Ac-Me) ppm. Elemental analysis calculated faiHGCINsOg (734.2): C, 67.07; H, 5.49; N, 9.54; found: C,88.H,
5.70; N, 9.42.

3.2.5. 2-Acetamido-6-chloro-7-(2,3,4,6-tetra-O-bgr-Dgalactopyranosyl)purine9) and 2-acetamido-6-chloro-9-
(2,3,4,6-tetra-O-benzyt-D-galactopyranosyl)purine (@

The compounds were obtained by reaction of me#§l|4,6-tetra@-benzyl a-D-galactopyranoside (280 mg, 0.50
mmol) and ACP (156 mg, 0.75 mmol) according to gemeral procedure. Purification by column chromedpby
(ethyl acetate/cyclohexane, 1:1) g®€172 mg, 47 %) andQL(66 mg, 18 %). Data fd: yellow oil; R = 0.26 (ethyl
acetate/cyclohexane 1:1j][= -4° (¢ 1.26, CHC)); MS (ESI):mVz (%) = 734.2 ([M+H], 82), 756.4 ([M+Nad], 22),



1468.9 ([2M+H], 100), 1491.2 ([2M+N4] 72);'H NMR (400 MHz, CDCJ): = 8.16 (s, 1H, H-8), 8.00 (s, 1H, NH),
7.43-7.23 (m, 15H, Barom), 7.12-7.01 (m, 3H, Barom), 6.81 (m, 2H, Brarom), 5.65 (d, 1H, H-1 J = 7.3), 5.00
(part A of AB system, 1H, BndagH', J = 11.2), 4.84 (part A of AB system, 1H, BiH8', J = 11.6), 4.77 (part B of AB
system, 1H, Bn-CH', J = 11.6), 4.71 (part A of AB system, 1H, BiH@E', J = 11.4), 4.62 (part B of AB system, 1H,
Bn-CHH', J = 11.2), 4.48 (part A of AB system, 1H, BiH€&', J = 11.8), 4.43 (part B of AB system, 1H, Bn-BHJ =
11.8), 4.29 (part B of AB system, 1H, Bn-BHJ = 11.4), 4.28 (br, 1H, HP 4.09 (t, 1H, H-4 J = 2.5), 3.84 (br, 1H,
H-5'), 3.79 (dd, 1H, H-3J = 9.3, 2.5), 3.66-3.57 (br, 2H, Heband H-), 2.63 (s, 3H, Ac-Me) ppnt’C NMR (100
MHz, CDCk): § = 171.4 (Ac-COO), 162.9 (C-4), 152.0 (C-2), 14{98), 143.7 (C-6), 138.1 (Bn-Cq), 137.5 (Bn-Cq),
137.3 (Bn-Cq), 136.0 (Bn-Cq), 128.6 (Bmm), 128.6 (Bnarom), 128.5 (Bnarom), 128.5 (Bnarom), 128.4 (Bn-
arom), 128.4 (Bnarom), 128.2 (Bnarom), 128.2 (Bnarom), 128.1 (Bnarom), 128.1 (Bnarom), 128.0 (Bnarom),
128.0 (Bnarom), 127.9 (Bnarom), 127.9 (Bnarom), 127.9 (Bnarom), 127.9 (Bnarom), 127.9 (Bnarom), 127.9
(Bn-arom), 127.6 (Bnarom), 127.6 (Bnarom), 118.7 (C-5), 85.2 (C%), 83.6 (C-3), 77.2 (C-2), 76.5 (C-5), 75.1
(Bn-CH,), 75.0 (Bn-CH), 73.6 (Bn-CH), 73.2 (C-4), 72.6 (Bn-CH), 68.2 (C-6), 25.2 (Ac-Me) ppm; analysis
calculated for GH4oCINsOg (734.2): C, 67.07; H, 5.49; N, 9.54; found: C,08%.H, 5.67; N, 9.40.

Data for D: a colourless oil; R= 0.57 (ethyl acetate/hexane 1:19] £ -14° € 1.02, CHC})); MS (ESI): m/z (%) =
734.3 ((M+HJ, 100), 756.5 ([M+Nd] 56), 1467.9 ([2M+H], 12);'H NMR (400 MHz, CDCJ): ¢ = 7.93 (s, 1H, NH),
7.92 (s, 1H, H-8), 7.43-7.22 (m, 15H, Bmm), 7.10 (m, 1H, Brarom), 7.01 (m, 2H, Brarom), 6.73 (m, 2H, Bn-
arom), 5.35 (d, 1H, H-1 J = 9.0), 4.96 (part A of AB system, 1H, BrH€', J = 11.4), 4.81 (part A of AB system, 1H,
Bn-CHH', J = 11.7), 4.75 (part B of AB system, 1H, Bn-BKHJ = 11.7), 4.68 (part A of AB system, 1H, BiHE', J =
11.8), 4.64 (part B of AB system, 1H, Bn-8HJ = 11.8), 4.45 (part A of AB system, 1H, Bid&', J = 11.9), 4.43 (m,
1H, H-2), 4.40 (part B of AB system, 1H, Bn-EHJ = 11.9), 4.29 (part B of AB system, 1H, Bn-8KJ = 11.4), 4.06
(d, 1H, H-4, 3 = 1.9), 3.79 (t, 1H, H'5J = 6.3), 3.76 (dd, 1H, H-3J = 9.6, 2.6), 3.54-3.56 (br, 2H, Heband H-&),
2.42 (s, 3H, Ac-Me) ppm*C NMR (100 MHz, CDGJ): 6 = 171.3 (Ac-COO0), 152.1 (C-2), 151.9 (C-4), 15(CL6),
143.1 (C-8), 138.2 (Bn-Cq), 137.6 (Bn-Cq), 137.4{Bq), 136.6 (Bn-Cq), 128.6 (Barom), 128.6 (Bnarom), 128.4
(Bn-arom), 128.4 (Bnarom), 128.4 (Bnarom), 128.4 (Bnarom), 128.1 (Bnarom), 128.1 (Bnarom), 128.1 (Bn-
arom), 128.0 (Bnarom), 128.0 (Bnarom), 128.0 (Bnarom), 128.0 (Bnarom), 128.0 (Bnarom), 128.0 (Bnarom),
128.0 (Bnarom), 128.0 (Bnarom), 128.0 (Bnarom), 127.8 (C-5), 127.6 (Barom), 127.6 (Bnarom), 83.9 (C-1),
83.6 (C-3), 76.5 (C-5), 75.7 (C-2), 74.8 (Bn-CH), 74.8 (Bn-CH), 73.6 (Bn-CH), 73.0 (C-4), 72.6 (Bn-CH), 68.2
(C-6), 25.2 (Ac-Me) ppm; analysis calculated foy 4 CINsOg (734.2): C, 67.07; H, 5.49; N, 9.54; found: C,%8.
H, 5.61; N, 9.47.

3.2.6. 2-Acetamido-6-chloro-7-(2,3,4,6-tetra-O-bgnzD-mannopyranosyl)purinell) and 2-acetamido-6-chloro-9-
(2,3,4,6-tetra-O-benzyt-D-mannopyranosyl)purin€elp)

The compounds were obtained by the reaction of yhet}3,4,6-tetra@-benzyl a-D-mannopyranoside (280 mg, 0.50
mmol) and ACP (156 mg, 0.75 mmol) according to gemeral procedure. Purification by column chromedpby
(ethyl acetate/cyclohexane 1:1) yield&d (95 mg, 26 %) and2 (11 mg, 3 %). Data foil: yellow crystals; mp 80-
82°C; R = 0.36 (ethyl acetate/hexane 4:B)}  +74° € 0.98, CHCY); MS (ESI):m/z (%) = 734.5 ([M+H], 66), 756.5
(IM+Na]*, 24), 1469.2 ([2M+H], 100), 1491.3 ([2M+N4] 40);'H NMR (400 MHz, CDC}): § = 8.34 (s, 1H, H-8),
8.09 (s, 1H, NH), 7.38-7.16 (m, 15H, Bmem), 6.89 (m, 3H, Brarom), 6.71 (m, 2H, Brarom), 5.75 (d, 1H, H-1J

= 1.0), 4.90 (part A of AB system, 1H, BriHE&', J = 10.9), 4.83 (part A of AB system, 1H, BriH@', J = 11.8), 4.72



(part B of AB system, 1H, Bn-CHi, J = 11.8), 4.61 (part A of AB system, 1H, Brid&', J = 11.8), 4.59 (part B of AB
system, 1H, Bn-CH', J = 10.9), 4.55 (part A of AB system, 1H, Bid@', J = 12.4), 4.49 (part B of AB system, 1H,
Bn-CHH', J = 12.4), 4.26 (part B of AB system, 1H, Bn-BHJ = 11.8), 3.98 (t, 1H, H4J = 9.4), 3.91 (br, 1H, H},
3.75 (dd, 1H, H-3 J = 9.4, 2.5), 3.70 (m, 2H, H® and H-&), 3.63 (m, 1H, H-9, 2.56 (s, 3H, Ac-Me) ppm’C
NMR (100 MHz, CDC)): § = 172.2 (Ac-COO), 162.9 (C-4), 152.9 (C-2), 148358), 141.5 (C-6), 137.7 (Bn-Cq),
137.7 (Bn-Cq), 137.4 (Bn-Cq), 135.8 (Bn-Cq), 128h-arom), 128.8 (Bnarom), 128.6 (Bnarom), 128.6 (Bn-
arom), 128.5 (Bnarom), 128.5 (Bnarom), 128.4 (Bnarom), 128.4 (Bnarom), 128.4 (Bnarom), 128.2 (Bnarom),
128.2 (Bnarom), 128.1 (Bnarom), 128.1 (Bnarom), 128.0 (Bnarom), 128.0 (Bnarom), 128.0 (Bnarom), 127.8
(Bn-arom), 127.8 (Bnarom), 127.8 (Bnarom), 127.6 (Bnarom), 116.9 (C-5), 83.9 (C}, 82.3 (C-3), 78.9 (C-5),
74.0 (C-4), 75.2 (Bn-CH), 74.2 (Bn-CH), 73.7 (Bn-CH), 73.4 (Bn-CH), 72.9 (C-2), 68.7 (C-6), 25.2 (Ac-Me) ppm;
analysis calculated for§H40CINsOg (734.2): C, 67.07; H, 5.49; N, 9.54; found: C,&8.H, 5.39; N, 9.47.

Data for12: yellow oil; R = 0.61 (ethyl acetate/hexane 1:19} £ +77° (€ 1.00, CHC{); MS (ESI):m/z (%) = 734.5
(IM+H]*, 100), 756.6 ([M+Nd] 50), 1256.5 ([2M+H], 12);*H NMR (400 MHz, CDCJ): 6 = 8.21 (s, 1H, H-8), 8.19
(s, 1H, NH), 7.38-7.16 (m, 15H, Barom), 7.03-6.96 (m, 3H, Barom), 6.83 (m, 2H, Brarom), 5.62 (br, 1H, H-J,
4.89 (part A of AB system, 1H, BnkH', J = 10.8), 4.79 (m, 2H, Bn-CHl 4.72 (part A of AB system, 1H, BnHE', J
= 11.6), 4.59 (part B of AB system, 1H, Bn-8KJ = 10.8), 4.56 (part A of AB system, 1H, BiH&', J = 12.2), 4.49
(part B of AB system, 1H, Bn-CHi, J = 12.2), 4.32 (part B of AB system, 1H, Bn-8BKJ = 11.6), 4.05 (br, 1H, H*P,
4.02 (t, 1H, H-4J = 9.5), 3.84 (dd, 1H, H:3J = 9.4, 2.5), 3.71-3.65 (br, 3H, Haband H-6 and H-5), 2.38 (s, 3H,
Ac-Me) ppm;**C NMR (100 MHz, CDGJ)): 6 = 170.4 (Ac-COOQ), 151.3 (C-4), 150.8 (C-2), 15(0066), 143.9 (C-8),
137.8 (Bn-Cq), 137.8 (Bn-Cq), 137.6 (Bn-Cq), 13@Bn-Cq), 128.6 (Brarom), 128.6 (Bnarom), 128.5 (Bnarom),
128.5 (Bnarom), 128.4 (Bnarom), 128.4 (Bnarom), 128.4 (Bnarom), 128.4 (Bnarom), 128.3 (C-5), 128.0 (Bn-
arom), 128.0 (Bnarom), 128.0 (Bnarom), 127.9 (Bnarom), 127.9 (Bnarom), 127.9 (Bnarom), 127.8 (Bnarom),
127.7 (Bnarom), 127.7 (Bnarom), 127.7 (Bnarom), 127.7 (Bnarom), 127.7 (Bnarom), 82.8 (C-3), 82.1 (C-1),
78.7 (C-5), 75.3 (Bn-CH), 74.3 (Bn-CH), 74.1 (C-4), 73.4 (Bn-C}), 73.1 (Bn-CH), 72.5 (C-2), 68.7 (C-6), 25.0
(Ac-Me) ppm; analysis calculated for#40CINsOg (734.2): C, 67.07; H, 5.49; N, 9.54; found: C,98.H, 5.54; N,
9.37.

3.3. Cell lines and Culture Conditions

The human cell lines 518A2 (melanoma), A549 (lureycmoma), A2780 (ovarian carcinoma), HT-29 (colon
adenocarcinoma) and the NiH 3T3 mouse fibroblakktlioe were included in this study. Cultures wenaintained as
monolayer in RPMI 1640 (PAA Laboratories, Paschi@grmany) supplemented with 10% heat inactivated fovine
serum (Biochrom AG, Berlin, Germany) and penicillistreptomycin (PAA Laboratories) at 37 °C in arfdified
atmosphere of 5% CG95% air.

3.4. Cytotoxicity Assay [44]

The cytotoxicity of the compounds was evaluatechgighe sulforhodamine-B (SRB) (Sigma Aldrich) miomtiure
colorimetric assay. In short, exponentially growo@lls were seeded into 96-well plates on dayt@efppropriate cell
densities to prevent confluence of the cells duthegperiod of experiment. After 24 h, the cellsevigeated with serial
dilutions of the compounds (0-1QMM) for 96 h. The final concentration of DMSO or DM#Blvent never exceeded

0.5%, which was non-toxic to the cells. The peragas of surviving cells relative to untreated ocolstrwere



determined 96 h after the beginning of drug expaséifter a 96 h treatment, the supernatant medom the 96 well
plates was discarded and the cells were fixed ¥ TCA. For a thorough fixation, the plates wdteveed to rest at
4 °C. After fixation, the cells were washed in apstwasher. The washing was done four times withiewasing
alternate dispensing and aspiration procedurespltes were then dyed with 1Q0of 0.4% SRB (sulforhodamine B)
for about 20 min. After dying, the plates were weslwvith 1% acetic acid to remove the excess ofiffleeand allowed
to air dry overnight. 100 pl of 10 mM Tris baseumn were added to each well, and absorbance wasurned at =
570 nm (using a 96 well plate reader, Tecan SpeCuailsheim, Germany). The &lvalue was determined from three

independent measurements applying the two-paraéitislope equation.
3.5. Acridine orange/propidium iodide dye exclusimsay (AO/PI)

Apoptotic cell death was analysed by acridine oedgttpidium bromide dye using fluorescence microgomp A549
cells. Therefore approx. 500.000 cells were seédextll culture flasks and were allowed to grow & hours. The
medium was removed, and the substance loaded medasnadded. After 24-48 h, the supernatant mediaa w
collected and centrifuged; the pellet was suspeig@hosphate-buffer saline (PBS) and centrifuggaira The liquid
was removed and the pellet was suspended in PB&. iixing the suspension with a solution of AO/&@alysis was
performed under a fluorescence microscope. Whitgegn fluorescence showed apoptosis, a red colawektus
indicated necrotic cells [28,29].

3.6. DNA laddering
The DNA fragmentation assay was performed as desttipreviously [25].
3.7. Cell cycle analysis

Approximately 1*16 cells (HT29, A2780 or NiH 3T3) were seeded in ceilture flasks (25 cfjy and the cells were
allowed to grow for 24 h. After removing of the dsmedium, the substance loaded medium was relo@udea blank
fresh medium as a control). After 24 or 48 h, ilieng cells were harvested, washed with PBS (wittfVand C&")
twice and ethanol fixed (70%, 4 °C, 1 h). After mnmg of the fixation and permeabilization ageihie tells were
washed with PBS buffer (with Mand C4’, containing 1% BSA and 0.1% NgN8x1 ml, 1000 rpm) and adjusted to
1*10° million cells. The pellet was gently suspendestaining buffer (PBS buffer containing BSA, RNAas&aN; and
Pl analog Darzynkiewicet al. [30]) and incubated for 30 min at 37 °C. Analyse=re performed using the Attuhe
FACS machine; collecting data from the BL-3A chdnri&oublet cells were excluded from the measuremdyt
plotting BL-3A against BL-3H. For each cell cyclastiibution 20.000 events were collected. Distribat was
calculated by the method of Deanal.[45].
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Synthesis of cytotoxic 6-chloropurine nucleosides with antitumor potential
6-Chloropurine nucleosides that induce apoptosis and G2/M cell cycle arrest

Glso values of the same order of magnitude as that of chemotherapeutics cladribine
More cytotoxic than the antitumor drugs betulinic acid and tamoxifen

Mannosyl N”linked to 2-acetamido-6-chloropurine required for the highest activity
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Figure S23. '"H NMR spectrum of 2-(Acetylamino)-6-chloro-9-(2,3,4,6-tetra-O-benzyl-f-D-mannopyranosyl)purine
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Figure S24. *C NMR spectrum of 2-(Acetylamino)-6-chloro-9-(2,3,4,6-tetra-O-benzyl-B-D-mannopyranosyl)purine
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Figure S3. '"H NMR spectrum of 6-Chloro-9-(2,3,4,6-tetra-O-benzyl--D-glucopyranosyl)purine (2)
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Figure S4. *C NMR spectrum of 6-Chloro-9-(2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl)purine (2)
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Figure S5. '"H NMR spectrum of 6-Chloro-7-(2,3,4,6-tetra-O-benzyl-f-D-galactopyranosyl)purine (3)
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Figure S10. *C NMR spectrum of 6-Chloro-7-(2,3,4,6-tetra-O-benzyl-f-D-mannopyranosyl)purine (5)
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Figure S11. '"H NMR spectrum of 6-Chloro-9-(2,3,4,6-tetra-O-benzyl-B-D-mannopyranosyl)purine (6)
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Figure S13. '"H NMR spectrum of 2-(Acetylamino)-6-chloro-7-(2,3,4,6-tetra-O-benzyl-S-D-glucopyranosyl)purine (7)
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Figure S14. *C NMR spectrum of 2-(Acetylamino)-6-chloro-7-(2,3,4,6-tetra- O-benzyl-B-D-glucopyranosyl)purine (7)

S9



NY oo@mLT YOO Q@ NN HO PN NN NEMOOBNMANONTNO T MNNO O
53 233855 333%RR IHh 5820 ColB8RTLEICSESS3IRRRRE:
BN NNNNNNNSN NG OO Bih T T TS TTTTLTT T T MMM MM ¢ oMo
[ T % VSN = =

Cl
H
N
BnO
BnO

T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)
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Figure S16. *C NMR spectrum of 2-(Acetylamino)-6-chloro-9-(2,3,4,6-tetra-O-benzyl--D-glucopyranosyl)purine (8)
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Figure S17. 'H NMR spectrum of 2-(Acetylamino)-6-chloro-7-(2,3,4,6-tetra-O-benzyl--D-galactopyranosyl)purine (9)
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Figure S18. *C NMR spectrum of 2-(Acetylamino)-6-chloro-7-(2,3,4,6-tetra-O-benzyl-B-D-galactopyranosyl)purine (9)
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Figure S20. *C NMR spectrum of 2-(Acetylamino)-6-chloro-9-(2,3,4,6-tetra-O-benzyl-B-D-galactopyranosyl)purine
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Figure S23. '"H NMR spectrum of 2-(Acetylamino)-6-chloro-9-(2,3,4,6-tetra-O-benzyl--D-mannopyranosyl)purine
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