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Abstract

The nucleoside antibiotic tubercidin displays strong activity against different target organisms, but it is
notoriously toxic to mammalian cells. However, the effects of tubercidin against T. brucei parasites
inspired us to synthesize several C7 substituted analogs for in vitro evaluation, in order to find suitable
hit compounds. C7 Deazaadenosines substituted with electron-poor phenyl groups were found to have
micromolar activity against T. brucei in vitro. Replacement of the phenyl for a pyridine ring gave
compound 13 with submicromolar potency and much-attenuated cytotoxicity compared to tubercidin.
The veterinary pathogen T. congolense was equally affected by 13 in vitro. Transporter studies in T. b.
brucei indicated that 13 is taken up efficiently by both the P1 and P2 adenosine transporters, making the
occurrence of transporter-related resistance and cross-resistance with diamidine drugs such as
diminazene aceturate and pentamidine as well as with melaminopheny! arsenicals unlikely. Evaluation
of the in vitro metabolic stability of analog 13 indicated that this analog was significantly metabolized

in mouse microsomal fractions, precluding further in vivo evaluation in mouse models of HAT.
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Introduction

Human African Trypanosomiasis (HAT) is a deadly infectious disease that is prevalent in the African
continent and caused by the parasites Trypanosoma brucei rhodesiense (East- and Southern Africa) and
Trypanosoma brucei gambiense (West- and Central Africa) and transmitted by bites of infected tsetse
flies. HAT exhibits two characteristic disease stages that are linked to parasite distribution in the body.
Initially, parasites reside in the hemolymphatic system and cause rather non-specific symptoms (e.g.
general malaise and fever) often leading to incorrect diagnosis. The second phase consists of parasites
invading the central nervous system, causing severe neurological symptoms, including altered

sleep/wake cycles, hence the name ‘sleeping sickness’. If left untreated, HAT is almost invariably fatal .

Treatment of HAT is cumbersome and extremely ineffective at present. Some of the approved drugs are
only effective in stage | (suramin and pentamidine against rhodesiense and gambiense HAT,
respectively), necessitating stage diagnosis via a risky lumbar puncture. For stage Il disease, currently
three drugs/drug combinations are approved: melarsoprol, eflornithine and nifurtimox/eflornithine, but
eflonithine mono-therapy has been superseded by the nifurtimox combination. Melarsoprol suffers from
a high toxicity burden and from high levels of drug resistance across Africa.? Recently, two novel
entities, fexinidazole** and oxaborole SCYX-7158, have reached phase 1I/11l clinical trials and could
greatly improve treatment options if approved.>® However, fexinidazole resistance is easily induced and
shows cross-resistance with nifurtimox,’ as both nitro drugs exhibit a similar mode-of-action.® These
findings highlight the ever-pressing need for novel therapies, especially from other structural classes, of

which a few examples were published in recent years.®12

Nucleoside analogs have received considerable interest over the past six decades, with respect to many
therapeutic areas but particularly as antiviral and anti-tumor agents.*!* Because most protozoan
parasites lack the enzymes for de novo purine synthesis, they depend on purine salvage and may be
especially vulnerable to the effects of purine nucleoside analogs. In this regard, potential inhibitors for
enzymes of the salvage pathway (e.g. UAMC-00363),%%1 as well as so-called ‘subversive’ substrates'®
2 (that are activated by the parasite’s salvage pathway enzyme(s) before exerting their toxic effect),

bearing a nucleoside structure have been conceived or discovered by screening efforts (Figure 1).2 One



such subversive analog is the naturally occurring nucleoside antibiotic tubercidin (1).22%* Being a close
mimic of adenosine, this analog was found to exert a plethora of biological effects,?%" but it is also

overtly toxic to mammalian cells and hence of little practical value.
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Figure 1: Examples of nucleoside analogs with activity against T. brucei.

Inspired by recent work of Hocek and colleagues,?®%° in which it was found that selected C7 substituted
7-deazaadenosines [in the body of the text, purine numbering will be used; while in the experimental
section IUPAC pyrrolo[2,3-d]pyrimidine numbering will be employed] are at most mildly cytotoxic to
both tumor and fibroblast cells, we decided to prepare a small subset of C7 phenyl-substituted 7-
deazaadenosines and evaluate their in vitro effect against T. brucei. In this work, we describe our efforts
to optimize the in vitro potency from the initial hits to arrive at a new lead compound, 13. An overview

of all prepared nucleoside analogs in this study is presented in Figure 2.
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Figure 2: Overview of prepared substituted tubercidin nucleoside analogs.

Results and discussion

Chemistry

The synthesis is depicted in scheme 1-5. For the preparation of C7 substituted phenyl analogs 4-12 and
27 (Scheme 1), an aqueous Suzuki reaction with the known nucleoside bromide 31, was employed.
Conditions reported previously?® for the C7 iodo-nucleoside were perfectly translatable to the bromide
31, as was recently reported by our group.®! The synthesis of the 3-pyridyl analog 14, which employed
the corresponding pinacol boronic ester, required a prolonged reaction time. Application of these
reaction conditions afforded the 4-pyridyl isomer 15 and 5-pyrimidyl derivative 18 in low yields only
(< 5%), consistent with inherent pyridine/pyrimidine reactivity. Isolated yields could be improved by

using the catalytic system reported by Fu,*? affording 15 and 18 in moderate yields (Scheme 1).
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Scheme 1: Reagents and conditions: a) aryl-B(OH) or aryl-B pinacol ester, Na,COs, Pd(OAC),, TPPTS,
MeCN/H-0 (1/2 ratio), 100 °C, argon, 1-3 h (4-12, 27), 20 h (14), 22-65 %; b) aryl-B(OH),, K5POs,

Pdz(dba)s, P(c-Hex)s, H2O/dioxane (1/2 ratio), 100 °C, argon, 20 h (15), 38 h (18), 26 % (15), 35 % (18).

For certain heterocycles for which the boronic acid or corresponding ester derivative are not
commercially available or notoriously unstable (e.g. 2-subsituted pyridine),® a Stille coupling was
envisioned (Scheme 3). The nucleoside coupling partner 36 (Scheme 2) could be obtained by
nucleophilic aromatic displacement with sodium azide on the known nucleoside 32%, giving rise to the
corresponding tetrazolo[1,5-c]pyrimidine 34. The tetrazole tautomer of 34 predominates as was
observed from the downfield shift of the H-2 proton in *H-NMR. In CDCls;, the presence of both
tautomers gave rise to a ‘mixed’ spectrum (data not shown), whereas in DMSO-ds, the tetrazole form is
found exclusively, which is in line with literature findings.® Next, 36 could be obtained by means of
Staudinger reaction on 34 and subsequent iminophosphorane hydrolysis.®¢ The iodonucleoside 37 was

obtained analogously.
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Scheme 2: Reagents and conditions: a) NaNs;, DMF, 65 °C, 30 min, 90% (34), 86% (35); b) i. PMes

(1M in THF), THF, rt., 30 min; ii. ag. HOAc (IM), MeCN, 65 °C, 1 h, 81% (36), 93% (37).



With protected nucleoside 36 in hand, Stille couplings were performed using either commercial (2-
pyridyl, 2-pyrazinyl and 2-pyrimidinyl) or prepared (methyl-imidazolyl)*”*° organostannanes,
employing literature conditions.?® In all cases except one (38), protected intermediates were immediately

deprotected after Stille coupling, using 7N NHs in MeOH (Scheme 3).
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N'-Me-imidazol-4-yl N'-Me-imidazol-4-yl 20

Scheme 3: Reagents and conditions: a) Ar-Sn(nBu)s, Pd(PhsP).Cl,, DMF, 100 °C, argon, overnight, 82
% (38); b) 7N NHs in MeOH, rt, overnight, 36 % (16, 2 steps), 29 % (17, 2 steps), 84 % (19), 25 % (20,

2 steps).

To obtain substituted pyridine analogs 21-26 and quinoline derivatives 28-30, a different synthetic
strategy was devised. Initially, we intended to use a Suzuki reaction with altered coupling partner
polarity. Therefore, the synthesis of pinacol boronic ester‘®*! nucleoside 39 was envisioned (Scheme 4),
starting from the corresponding iodo-nucleoside 37 (Scheme 2). However, only after multiple failed
attempts (catalyst source, temperature and solvent exploration), it was found that with PdCl.dppf DCM
as the catalyst, DMSO as the solvent and a reaction temperature of 100 °C, the desired product 39 could
be obtained, albeit in moderate yield. All other tested conditions resulted in either no reaction at all or

dehydrohalogenation (data no shown).
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Scheme 4: Reagents and conditions: a) Bapinz, KOAc, PdCl.dppfDCM, DMSO, 100 °C, argon, 3 h,

37%.

Given the rather disappointing yield of the borylation reaction, we changed to a Negishi coupling
strategy (Scheme 5).2 The nucleoside zinc derivative was prepared by magnesium-iodine exchange on
35 with Knochel’s Turbo Grignard reagent,*>**4 followed by transmetallation with ZnCl, and subsequent
Negishi coupling using Pdz(dba)s and RuPhos.* It was found that for 2-bromopyridine and 2-bromo-4-
chloropyridine, Negishi coupling was successful at ambient temperature, whereas with other 4-
substituted-2-pyridine-bromides, virtually no product was formed. Elevating the temperature to 60 °C
allowed to obtain all the desired coupling products. Control experiments, performed with 2-
bromopyridine showed the importance of the Pd-source, the ligand and Pd and ligand combination (data
not shown). Interestingly, the tetrazole tautomer of the C6 azide protected this functionality against the
iodine/Mg exchange conditions, as no reduction products could be observed. Final compounds 13, 21-
26 and 28-30 were obtained by employing the above-mentioned sequence of Staudinger reduction,

iminophosphorane hydrolysis and immediate deprotection using NaOMe/MeOH.

|
BzO — HO
O
DS I e
~_N=N Sans
B0 oz "™ N HO <
35
R= H; 40 R= 4-Cl; 45 R= H; 13 R= 4Cl; 25
R= 4-Me; 41 R= 5-F; 46 R= 4-Me; 21 R= 5-F; 26
R=4-OMe; 42 2-quinoline; 47 R=4-OMe; 22  2-quinoline; 28
R= 6-Cl; 43  3-isoquinoline; 48 R= 6-Cl; 23  3-isoquinoline; 29
R=5-Cl; 44 1-isoquinoline; 49 R=5-Cl; 24 1-isoquinoline; 30

Scheme 5: Reagents and conditions: a) i. i-PrMgCI-LiCl (1.3 M in THF), THF, -65 °C, argon, 30 min;

ii. ZnCl, (0.5 M in THF), -65 °C to rt, 25 min; iii. appropriate bromopyridine or bromo(iso)quinoling,



Pdz(dba)s, RuPhos, THF, 60 °C, overnight, 16-51 %; b) i. PMe; (1M in THF), THF, rt, overnight; ii. aq.

HOAc (1M), MeCN, 65 °C, 1 h; iii. NaOMe, MeOH, rt, 30 min-1 h, 22-66 %.

Biological evaluation

In vitro evaluation

All synthesized nucleosides were tested in vitro against T. b. brucei Squib 427 and T. b. rhodesiense
STIB-900 parasites. Cytotoxicity was assayed against MRC-5 fibroblasts. Results are depicted in Table

1.



coq  T-bbrucei  T.brhod  MRCS TSE) TStI) coq T-bobrucei T.brhod MRC5 [SITb. | I

PA- ECe (M)  ECso (M)  ECso (M) s | ot PO ECy (UM)  ECso (UM) ECso (UM) | brucei | T.b. rhod.
223+
1 048+0.1 N.D. e 46 ND. | 17 | 2264017 ND.  143+63| 63 N.D.
4 323+17  410£039 562+51| 1.7 14 18 |524+116  ND. >640 | >12 | ND.
5 291+ 2.9 N.D. 262+14| 0.9 ND. | 19 [333+013  ND. >640 | >19 | N.D.
6 41.6+73 N.D. 280+34| 067 | ND. | 20 |476+039 ND.  234+14| 49 N.D.
7 000+118 688+013 32.8+17| 3.3 48 | 21 | 382+17 251426 640 | >17 | >25
8 7.58+0.51 N.D. 270+25| 3.6 ND. | 22 | 255477 815+002 7'25381 0.3 0.9
9 307+108 032+018 147+37| 4.8 46 23 | 175+032 062£028 640 | >37 | >103
10 | 817+006 3.66+046  >64.0 >78 | >17 | 24 |897+040 460251 5640 | >71 13
11 333+04  263+14 61.0+30| 1.8 23 | 25 |892+049 688+040 273+34| 31 4.0
12 | 881£032 147+042  >640 573 | >44 | 26 | 477+191 169+087 5640 | >13 >38
13 | 031+006 003140005 151+41| 49 487 | 27 | 783060 6.79+0.25 765§7i 0.96 1.2
14 >64.0 N.D. 5640 | ND. | ND. | 28 |645+120 372+146 >640 | >9. 517
15 >64.0 N.D. 558+82 | ND. | ND. | 29 | 147+72 616+216 >640 | >44 510
16 | 1.95+035 N.D. 0(')5fsi 028 | ND. | 30 >640 556484  >640 | ND. | >12
Suramin 0.05 0.04 >64.0 >1280 >1600

determinations. N.D.: not determined. Sl: Selectivity Index: (ECso MRC-5) / (ECso T. b. brucei) or (ECso MRC-5) / (ECso T. b. rhodesiense).

Table 1: In vitro anti-trypanosomal activity of prepared nucleosides analogs. ECso values are given in UM and are average and SEM of 2-6 independent



Our initial subset, comprising of tubercidin 1 and the C7 phenyl-substituted derivatives 4-6 and 8,
delivered weakly active analogs, with 8 being the most active one (low pM ECs). Further derivatization
focused on electron-poor and/or lipophilic phenyl analogs (7, 9, 10, 12 and 27), which all displayed ECs
values <10 uM against T. b. brucei. The 3,4-dichloro analog 9 exerted the most potent anti-trypanosomal
activity (ECso = 3.07 + 1.08 uM), with about tenfold better in vitro activity against T. b. rhodesiense
(ECs0 = 0.32 £ 0.18 uM). However, these modifications resulted only in moderately active analogs for
which cytotoxicity was often equally increased (9 has a Sl of less than 5), therefore a bio-isosteric
replacement for the phenyl group was considered. The observed preference for electron-poor
substituents led us to explore pyridine substituents.*® Of the three possible isomers, the 2-substituted
pyridine 13 emerged as the most potent anti-trypanosomal agent with reasonable selectivity indices, i.e.
50 for T. b. brucei and ~500 for T. b. rhodesiense, whereas the 3- and 4-pyridines 14 and 15 displayed
no discernible trypanocidal activity. Continued investigation into electron deficient 6-membered
heteroaromatics led to the preparation of pyrazine (16) and pyrimidine (17 and 18) derivatives, which
failed to show improved activity. A switch to N-methyl imidazole analogs (19 and 20) learned that only
N-methyl-imidazol-4-yl derivative 20 exhibits low micromolar activity, about tenfold less potent than
that of 13. To mimic the position of the pyridine-N electron density, ortho-F phenyl analog 11 was
synthetized, again with poor activity. Strikingly, from the present set of hetero-aromatic 7-substituted
tubercidin analogs, only derivatives that feature an ortho-N atom proved to be active against the T. b.
brucei parasite (compare pairs 13, 14 & 15; 17 & 18; 19 & 20). Examination of the *H-NMR spectrum
of 13 clearly showed the splitting of the C6 NH> signal into two broad signals (one at = 7.29 ppm and
one at & = 9.88 ppm). This splitting pattern, as well as the significant downfield shift of one of the NH.-
protons, are indicative of the formation of an intramolecular H-bond.*” Crystallization from water and
subsequent single crystal X-ray analysis confirmed the presence of this H-bond (Figure 3 & Supporting
Information). Recently, researchers from Merck used this H-bonding idea as a key design strategy in

search of HCV NS5B polymerase inhibitors.*3



Figure 3: Asymmetric unit of the crystal structure of 13, showing thermal displacement ellipsoids at the
50 % probability level. The presence of an intramolecular H-bond is highlighted, leading to the

formation of a 7-membered pseudoring.

Further substitution of the pyridine ring (21-26, 28-30), failed to improve the anti-trypanosomal activity
of 13. The virtual inactivity of the 1-isoquinolyl derivative 30, which is unable to form the H-bond
because of steric clashing between H8 of the purine and H8 of the isoquinoline, confirms the importance
of the H-bond for activity. However, the better activity observed with analogs having electron
withdrawing rather than donating substituents makes a clear conclusion regarding the importance of the

H-bond difficult.

Subsequently, 13 was further evaluated in three drug resistant T. b. brucei cell lines (Table 2). Drug
resistance in African trypanosomes has mostly been attributed to altered transport activities.**->2 This is
of particular importance for nucleoside analogs. Their polar nature generally precludes passive diffusion
across the cell membrane and some have been shown to rely completely on uptake by the ThAT1/P2

transporter.t® 535 This transporter is encoded by a single gene, which is non-essential,> and is therefore



likely to yield drug-resistant mutants. Indeed, resistance of T. brucei spp. to the veterinary trypanocide
diminazene has been clearly linked to loss of TbAT1/P2,57-%° as well as to reduced sensitivity to the HAT
treatments pentamidine and melarsoprol.*® 862 From the data presented in Table 2, it is clear that 13 is
much less dependent on the P2 transporter than tubercidin (1). Deletion of the P2 transporter (TbAT1-
KO strain) results in a modest (2.4-fold) loss of sensitivity to 13, while a 17-fold increase in resistance
is observed for 1. The advantage of a nucleoside analog recognized by more than one transporter (see
also next section) is even more evident when comparing sensitivities between the wild-type (Lister 427)
strain and the multi-drug resistant strain B48, which displayed resistance factors (RF) of 28.7 and 1.6
for 1 and 13, respectively. The trend further held for the isometamidium-resistant cell line ISMR1 (Table
2). Prompted by the results seen on the ISMRL1 cell-line, we also investigated the effects of 13 on the
veterinary parasite, T. congolense, which represents the main causative agent of animal trypanosomiasis
(Table 2). As T. congolense drug resistance against the animal trypanocides diminazene and
isometamidium is high,% we were pleased to find that not only does 13 exhibits statistically identical
activity against T. congolense as to T. b. brucei, it also is at least as potent as the standard treatment for

T. congolense, diminazene aceturate.

Lister- TbAT1-

B48 T.
Compound el NO RF ECso RF SR RF congolense®
ECso ECso (UM) ECso (HM) ECxo (UM)
(LM) (1M)
Tubercidin 1 O(')lg; 261+07 172 |43+13 287 | 1.7+05 111 N.D.
0.17 + 0.40 + 0.27 + 0.43 +
13 0.04 0.09 2.4 0.04 1.6 0.07 2.5 | 0.20+0.01
. 0.011+ | 0.018+ 0.99 + 0.14 +
Pentamidine 0.001 0.002 1.8 016 94.6 0.04 13.8| 1.9+0.20
Diminazene %A(')%f 45+09 106 |72+16 169 | 29+04 6.9 |0.22+0.003
. 0.65 + 0.75 % 0.56 +
Isometamidium 0.085 014 1.2 013 0.85 3.1£05 4.8 N.D.

Table 2: In vitro anti-trypanosomal evaluation against three drug-resistant T. b. brucei cell lines; and T.

congolense. ECsp values are given in uM; and are mean and SEM of three independent determinations.



RF = Resistance factor: ratio of ECso between resistant and reference (Lister-427) cell line. ThAT1-KO:
T. brucei cell line lacking the TbAT1/P2 transporter gene. B48: pentamidine, diminazene and
melaminophenyl arsenical resistant cell line. ISMR1: isometamidium resistant cell line. @

Trypomastigotes of T. congolense 1L3000.

Transporter (P1/ P2) studies of 13

It has previously been reported that uptake of tubercidin (1) is mostly dependent on T. brucei’s
P2/TbAT1 transporter and loses most of its activity against the TOAT1-KO strain,> as confirmed above.
This is explained by the fact that, in contrast to adenosine, which is salvaged by both high-affinity
nucleoside transporters in bloodstream trypanosomes (P1 and P2),5 tubercidin is a poor substrate for
P1, being transported with just 1% of the efficiency of adenosine (expressed as Vma/Km).%* This is
because the translocation of purines by the P1 transporter partially depends on an interaction with the
N7 of the purine ring.%> %4 In contrast, N-7 is not part of the main recognition motif of the P2 transporter®®
as this moiety does not form a significant interactions with the P2 binding pocket.®> Competition
experiments with [®H]-adenosine for both the P1 and the P2 transporter were performed to gain insights

into the preferences of the regioisomeric pyridine analogs 13-15 for either transporter (Figure 4 and

Table 3).
120 120 v -o- Adenosine
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Figure 4: Transport of [®H]-Adenosine via P1 and P2 transporters in the presence of increasing
concentrations of nucleoside analogs 13, 14 and 15. Transport via P1 was measured in B48 cells (lacking

P2), while transport via P2 was evaluated in the same cells but transfected with a construct



overexpressing the TbAT1/P2 transporter, in the presence of 100 UM inosine to block P1.52 The graphs
show one representative of three independent experiments in triplicate. Error bars are SEM, when not

shown, they fall within the symbol.

None of the three pyridine derivatives show a pronounced P2 transporter-type preference, which could
lead to uptake-based resistance. Note that P1 activity is encoded by multiple genes®* % % and P1-based
resistance has never been reported. Analogs 13 and 15 give a 10- to 20-fold increase in binding inhibition
constant for P2, while this is a 100-fold increase for 14, possibly due to a non-favorable interaction

between the basic meta nitrogen and the transporter’s binding pocket.

In comparison to tubercidin (1), all pyridine analogs but 13, show increased binding affinity for the P1
transporter. Considering the vast amount of literature data? 535 4 that point to a crucial interaction of
the N7 nitrogen with the P1 binding pocket, this result is surprising. Although 13 is unable to form this
H-bond (loss of 6.9 kJ/mol in binding), the loss in Gibbs free energy is less than half that of 1, indicating
that this additional ring is well-accommodated in the binding pocket and that its restricted rotation
enables an energetically favorable binding orientation. Similar to P2, the P1 transporter appears to
disfavor a meta-pyridine ring. These results corroborate the drug sensitivity profile of 13 against the
TbAT1-KO and B48 strains, in that reasonable binding to the P1 transporter allows efficient delivery of
this analog inside the parasite cell, showing that these analogs do not just inhibit binding of adenosine

to the transporter but are substrates themselves.

Taken together, it seems that uptake of these three pyridine-substituted tubercidin analogs is mediated
by both the P1 and P2 transporters and greatly dependent on the N-position (ortho>para>meta) in the
pyridine ring and accounts, in part, for the observed difference in activity against the parasite in vitro.
Nevertheless, other factors, such as engagement with the (to be elucidated) intracellular target are also
important and that transporter studies alone are unlikely to completely explain the substantial difference

in trypanocidal activity.



P1 transporter P2 transporter
Compound K or Ki AG® 8(AG®) KnorK; AG®  3(AGY)

Adenosine 0.16 £0.03 -38.8 0.53+0.02 -35.8

Tubercidin, 1| 78 +6.4¢ -23.4 154 3.8+0.7¢ -30.9 4.9

13 254+03 -31.9 6.9 457+0.25 -304 5.4
14 21.7+£19 -266 12.2 493+34 -24.6 11.2
15 125+ 0.9 -28 10.8 9.34+1.0 -28.7 7.1

Table 3: Kinetic parameters of adenosine and C7 modified analogs for the nucleoside transporters of
bloodstream T. brucei. Kn (highlighted in bold) and Kjvalues are in uM and AG? is in kJ/mol. 3(AG°)

was calculated in comparison to adenosine. The K; for tubercidin was taken from reference 5°.

Metabolic stability of 13 in mouse, rat and human microsomes

In order to assess in vitro metabolic stability, compound 13 was exposed to mouse, rat and pooled human
liver S9 microsomal fractions. The percentages of parent compound 13 remaining after incubation with
the various microsomes with NADPH-dependent and UGT enzymes are presented in Table 4. The
results indicate that compound 13 is susceptible to extensive Phase-1 metabolism in mouse liver
microsomes with only about 12.6% of parent drug remaining after 30 minutes, with an acceptable cut-
off being set at >50%. After 60 min, metabolic degradation in mouse liver microsomes was almost
complete. Analysis of the LS/MS chromatograms showed increasing amounts of a metabolite with a
mass corresponding to [M+16], consistent with pyridine-N-oxide / pyridone formation (data not shown).
Some Phase-1 decay was observed in rat liver microsomes. Phase | metabolism in human microsomes
was absent and Phase 1l metabolism could not be demonstrated in any of the three species. The data
obtained from the mouse microsomal stability study preclude the further in vivo evaluation of 13 in a

mouse model of T. brucei.



MOUSE RAT HUMAN

Phase I / % 13 % 13 % 13
1 Time remaining remaining remaining
Mean STDEV Mean STDEV Mean STDEV
0 100 - 100 - 100 -
CYP - 15 36.5 6.4 89 204 96 1.8
NADPH 30 12.6 1.7 77 10.9 102 2.9
60 1.9 0.3 31 3.2 82 20.3
0 100 - 100 - 100 -
UGT 15 112 14.7 115 35 123 54
Enzymes 30 102 28.1 125 6.3 121 144
60 122 3.9 122 1.3 92 8.2

Table 4: Assessment of in vitro Phase | and Phase Il metabolic stability of 13 using mouse, rat and
human S9 microsomal fractions. Indicated are the percentage parent remaining compound in two
replicates at various time points of incubation (0-15-30-60 min). Proper functioning of the in vitro assay
was confirmed with the reference drug diclofenac (susceptible to Phase-1 and Phase-11 metabolism) and

fluconazole (metabolically stable through Phase-I) (data not shown).

Evaluation against other protozoa

Trypanosoma cruzi, the etiological agent of Chagas disease and Leishmania spp., which causes
leishmaniasis, are kinetoplastid parasites related to T. brucei. Therefore, the nucleosides synthesized in
this study were also assayed against these pathogens. In vitro evaluation against Leishmania infantum
intracellular amastigotes failed to deliver any suitable hit compounds, although tubercidin 1 displayed
an ECs value of 0.13 UM, in close agreement with previous reports of the antileishmanial potency. As
expected, there was no selectivity compared to the host cell (primary mouse macrophage) cytotoxicity
(data not shown). Tubercidin is transported by the Leishmania NT1 transporters and resistance was
associated with reduced purine uptake in several Leishmania species, including L. donovani and L.
mexicana.®®® Yet, the 7-substituted tubercidin analogs displayed very low activity against intra-
macrophage L. infantum amastigotes, with only analog 9 displaying a low micromolar ECsp (1.67 £ 0.35

HM), with only modest selectivity towards the host cell (ECso = 20.0 £ 12.0 uM). We therefore speculate



that the aromatic substitutions at position 7 of tubercidin are poorly tolerated by the L. infantum NT1
adenosine/pyrimidine transporters, which are highly conserved between Leishmania spp, and their only
mechanism for uptake of adenosine and its analogs.®® The well-documented substrate-selectivity
difference between the T. brucei and the Leishmania nucleoside transporters® 546% 6 probably drives

major differences in anti-trypanosomal and anti-leishmanial activity of the nucleoside analogs.

In contrast, in vitro evaluation against T. cruzi revealed three analogs (8, 9 and 12) with an up to 10-fold
higher level of activity as compared to the reference drug benznidazole (table 5). All other nucleoside
analogs did not display significant anti-T. cruzi activity or were non-selective (data not shown). Similar
to Leishmania spp., T. cruzi has previously been shown to be susceptible to tubercidin and resistance
was linked to reduced uptake of the drug.” Candidate genes of the Equilibrative Nucleoside Transporter
family can be readily identified in the T. cruzi genome,” and a recent study’? uncovered the substrate

profile of several of them, but adenosine transporter activity has yet to be demonstrated.

Compound T. cruzi MRC-5 S|
ECso (UM) ECso (UM)
Tubercidin,1 | 0.34+0.17 2.23+0.68 6.5
8 0.47 +0.25 27.0+25 57.4
9 0.19 +0.07 147 +3.7 77.4
12 0.49+0.10 >64.0 >130
Benznidazole | 2.73 +£0.09 >64.0 >23

Table 5: In vitro activity of selected analogs against Trypanosoma cruzi. ECsp values are given in pM

as average and SEM of 2—4 independent replicates. SI = (ECso MRC-5 / ECs T. cruzi).

Conclusion

In the present publication, we have described the reinvestigation of 7-deazaadenosine (tubercidin)
against African trypanosomes, which led to the discovery of low micromolar in vitro active C7 phenyl

analogs, with a preference for electron-poor rings. Bio-isosteric replacement with a pyridine led to



analog 13, with nM potency against the T. brucei parasite. Only the 2-pyridine isomer, engaging in an
intramolecular H-bond with the C6 NH,, resulted in submicromolar in vitro activity and additional
substitution of the ring was found not to be tolerated. 13 was found to be equally potent in vitro against
the veterinary parasite T. congolense. Further investigation showed a mixed P1/P2 transporter profile
for the compounds assayed, which is highly advantageous considering uptake-related resistance as
shown in the absence of cross-resistance with first-line trypanocidal drugs. The advantage is also neatly
illustrated by the susceptibility of T. congolense, which lacks the P2 transporter altogether, but does
express a P1-type adenosine transporter.% "t Unfortunately, analog 13 displayed poor metabolic stability
when assayed in the presence of mouse microsomal fractions, precluding further in vivo evaluation in
relevant (mouse) animal models of HAT. Additionally, several substituted phenyl 7-deazapurine
nucleoside analogs displayed potent activity against intracellular T. cruzi amastigotes, which warrants

further investigation.

Experimental section
Chemistry

All reagents and solvents were obtained from standard commercial sources and were of analytical grade.
Unless otherwise specified, they were used as received. Compounds 31%°, 323, 330, 13, 1-methyl-5-
(tributylstannyl)-1H-imidazole®’, 1-methyl-4-(tributylstannyl)-1H-imidazole®*3° were prepared as
described in literature. All moisture sensitive reactions were carried out under argon atmosphere.
Reactions were carried out at ambient temperature, unless otherwise indicated. Analytical TLC was
performed on Machery-Nagel® precoated F254 aluminum plates and were visualized by UV followed
by staining with basic ag. KMnQ,, Cerium-Molybdate, or sulfuric acid-anisaldehyde spray. Column
chromatography was performed using Davisil® (40-63 pm) or on a Reveleris X2 (Grace/Bichi)
automated Flash unit employing pre-packed silica columns. Exact mass measurements were performed

on a Waters LCT Premier XE™ Time of Flight (ToF) mass spectrometer equipped with a standard



electrospray (ESI) and modular Lockspray™ interface. Samples were infused in a MeCN / water (1:1)
+ 0.1 % formic acid mixture at 100 pL / min. NMR spectra were recorded on a Varian Mercury 300
MHz spectrometer. Chemical shifts (d) are given in ppm and spectra are referenced to the residual
solvent peak. Coupling constants are given in Hz. In *®F-NMR, signals were referenced to CDCl; or
DMSO-ds lock resonance frequency according to IUPAC referencing with CFCl; set to 0 ppm. Melting
points were determined on a Biichi-545 apparatus and are uncorrected. Purity was assessed by means of
analytical LC-MS employing either
(1) Waters Alliance 2695 XE separation Module using a Phenomenex Luna® reversed-phase C18
(2) column (3 pm, 100x2.00 mm) and a gradient system of HCOOH in H,O (0.1 %,
v/V)/HCOOH in MeCN (0.1 %, v/v) at a flow rate of 0.4 mL/min, 10:90 to 0:100 in 9 minutes.
High-resolution MS spectra were recorded on a Waters LCT Premier XE Mass spectrometer.
(2) Waters AutoPurification system (equipped with ACQUITY QDa (mass; 100-1000 amu)) and
2998 Photodiode Array (220 — 400 nm)) using a Waters Cortecs® C18 (2.7 um 100x4.6mm)
column and a gradient system of HCOOH in H;0O (0.2 %, v/v) / MeCN at a flow rate of 1.44
mL/min, 95:05 to 00:100 in 6.5 minutes.
All obtained final compounds had purity > 95 %, as assayed by analytical HPLC (UV); unless otherwise

indicated.

General procedure A (Suzuki coupling; adapted from ref. %):

31 (1 eq.), boronic acid (1.5 eq.) or pinacol ester [for compound 14 (1.5 eq.)], Na2COs (9 eq.), Pd(OAc).
(0.05 eqg.) and TPPTS (0.15 eq.) were added to a 10 mL round-bottom flask, equipped with a stir bar.
Next, the flask was evacuated and refilled with argon. This procedure was repeated three times in total.
Next, degassed MeCN (2 mL/mmol SM) and H20 (4 mL/mmol SM) were added to the solids under
argon. After 5 min of stirring, the mixture was heated to 100 °C in a pre-heated oil bath. When the
starting material was fully consumed (usually 1-3 hours), the mixture was cooled to ambient
temperature, and neutralized (pH ~ 7) with 0.5 M ag. HCI. The mixture was evaporated till dryness,

resuspended in MeOH and evaporated (three times). Next, the mixture was adsorbed onto Celite® (from



MeOH) and eluted over a short silica pad (~ 5 cm) with 20 % MeOH/DCM. The liquid was evaporated

in vacuo and purified by column chromatography.
General procedure B (Stille coupling; adapted from ref. %°):

36 (1 eq.) and Pd(PhsP).Cl; (0.10 eq.) were added to a flame-dried 5 mL round bottom flask, equipped
with a stir bar, under argon. Next, the flask was evacuated and refilled with argon. This procedure was
repeated three times in total. Next, degassed anhydrous DMF (4 mL/mmol SM) was added under argon.
The resulting solution was stirred at for ~5 min after which the organostannane (2 eg.) was added via
syringe. The mixture was then heated to 100 °C in a pre-heated oil bath overnight. Next, the mixture
was cooled to ambient temperature and evaporated to dryness. The resulting oil was partitioned between
MeCN/hexane. The MeCN-layer was extracted twice more with hexane, and then evaporated. The
resulting mixture was purified by column chromatography. In most cases, the obtained product was

immediately used in the next step (deprotection).
General procedure C (Negishi Coupling):

35 was dissolved in anhydrous toluene (10 mL) and evaporated till dryness. This procedure was repeated
3 times. Next, the residue was dissolved in anhydrous THF (8.5 mL/mmol SM) under argon. The
solution was cooled to -65 °C. i-PrMgCI-LiCl solution (1.3M in THF; 1.1 eq.) was added in one portion.
The resulting solution was stirred at -65 °C for 30 min, after which a small sample was quenched with
sat. NH4CI solution and used for TLC analysis. Generally, full conversion was then observed. Next,
ZnCl; solution (0.5M in THF, 1.2 eq.) was added in one portion, and the mixture stirred for another 5 —
10 min at -65 °C. Then, the cooling was removed, and the mixture stirred at ambient temperature for 20
min. Next, to a flame-dried Schlenk-tube (5 mL) containing a stir bar, were added Pd,(dba)s (0.02 eq.),
RuPhos (0.08 eq.) and the appropriate bromopyridine or bromo(iso-)quinoline (1.4 eq.) (when solid)
under argon. The tube was evacuated and refilled with argon three times. Then, anhydrous THF (3
mL/mmol SM) was added as well as the pyridine-Br or (iso-)quinoline-Br (1.4 eq.) (when liquid). The
mixture was stirred for approximately 5 min and the resulting solution was then transferred via syringe

to the flask containing the nucleoside-zinc reagent. An additional 0.5 — 1 mL of anhydrous THF was



used to rinse the Schlenk tube and added to the mixture as well. The resulting solution was stirred at 60
°C overnight. After cooling to ambient temperature, the mixture was then quenched by adding water (~
5 mL) and transferred to a separatory funnel. EA and agq. 1M EDTA (pH=8) solution were added. The
layers were separated, and the water layer was extracted with EA two more times. The organic layers
were combined, dried over Na;SOs, filtered and evaporated in vacuo. The resulting mixture was purified

by column chromatography.

General procedure D (Staudinger reduction / iminophosphorane hydrolysis and subsequent

deprotection of 7-deaza-7-pyridinyl / (iso-)quinolinyl derivatives):

The appropriate 6-azido-nucleoside (1 eq.) was dissolved in THF (10 mL/mmol). Then, PMe; solution
(IMin THF; 2 eq.) was added and the mixture stirred at ambient temperature until TLC analysis showed
full conversion of starting material (generally overnight). Next, the solution was evaporated till dryness,
and subsequently re-dissolved in MeCN (10 mL/mmol). To this solution was added a 1M ag. HOAc
solution (3.33 eq.), and the mixture heated in a pre-heated oil bath at 65 °C for 1 h. Next, the mixture
was cooled to ambient temperature and poured into sat. ag. NaHCO3 solution. DCM was added, layers
were separated, and the water layer extracted two more times with DCM. The organic layers were
combined, dried over Na;SOs, filtered and evaporated till dryness. Purification by column
chromatography gave rise to the intermediate purine-amine derivative, which was used directly
(deprotection). To a solution of the purine-amine derivative in MeOH (15 mL/mmol) was added
NaOMe/MeOH solution (5.4 M, 0.2 eq.), and the mixture was stirred at ambient temperature until TLC
analysis showed full conversion (generally between 30 min to 1 h). Next, the mixture was neutralized
(pH ~ 7) with 0.5 M ag. HCI and evaporated till dryness. The residue was taken up in MeOH, and co-

evaporated with Celite®, and subjected to column chromatography.

4-amino-5-phenyl-N7-(-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (4) 4 was prepared according
to General Procedure A (reaction time: 2 h). 31 (0.17 g, 0.50 mmol) gave rise to 4 as a white solid (0.11

g, 0.31 mmol). Column chromatography: 1 — 10 % MeOH/DCM. Yield = 62 %. *H NMR (300 MHz,



DMSO-ds) &: 3.53 (ddd, J = 12.0, 6.3, 3.9 Hz, 1H, H-5""), 3.63 (dt, J = 12.0, 4.5 Hz, 1H, H-5"), 3.91 (q,
J = 3.6 Hz, 1H, H-4"), 4.08 — 4.13 (m, 1H, H-3"), 4.46 (q, J = 6.0 Hz, 1H, H-2"), 5.11 (d, J = 4.8 Hz,
1H, OH-3"), 5.18 (dd, J = 6.0, 5.1 Hz, 1H, OH-5), 5.32 (d, J = 6.6 Hz, 1H, OH-2’), 6.10 (br. s, 2H,
NH,), 6.12 (d, J = 6.0 Hz, 1H, H-1°), 7.35 — 7.52 (m, 5H, Hene), 7.54 (s, 1H, H-6), 8.15 (s, 1H, H-2).
HRMS (ESI): calculated for C17H1sN4O4 ([M+H]¥): 343.1401, found: 343.1418. Spectral data are in

accordance with literature values.?®

4-amino-5-(4-methylphenyl)-N7-(-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (5) 5 was prepared
according to General Procedure A (reaction time: 2 h). 31 (0.17 g, 0.50 mmol) gave rise to 5 as a white
solid (0.080 g, 0.22 mmol). Column chromatography: 1 — 10 % MeOH/DCM. Yield = 45 %. Melting
point: 165 °C. *H NMR (300 MHz, DMSO-ds) &: 2.36 (s, 3H, CHs), 3.50 — 3.57 (m, 1H, H-5""), 3.61 —
3.66 (M, 1H, H-5), 3.90 (g, J = 3.6 Hz, 1H, H-4"), 4.10 (br. s, 1H, H-3"), 4.46 (br. s, 1H, H-2"), 5.12
(br.s, 1H, OH-3"), 5.18 (t,J = 5.4 Hz, 1H, OH-5"), 5.31 (br. s, 1H, OH-2"), 6.10 (br. s, 2H, NH>), 6.11
(d, = 6.3 Hz, 1H, H-1"), 7.28 — 7.31 (M, 2H, Hpre), 7.35 — 7.38 (M, 2H, Hene), 7.49 (s, 1H, H-6), 8.14
(s, 1H, H-2). 3C NMR (75 MHz, DMSO-dg) &: 20.7 (CHs), 61.7 (C-5°), 70.6 (C-3°), 73.8 (C-2°), 85.1
(C-4’), 87.0 (C-17), 100.6 (C-4a), 116.2 (C-5), 120.8 (C-6), 128.4 (2Cpre), 129.6 (2Cpre), 131.5 (C-Lpte),
136.1 (C-4pre), 150.7 (C-7a), 151.6 (C-2), 157.3 (C-4). HRMS (ESI): calculated for CigHaiN4Os

(IM+H]"): 357.1557, found: 357.1575.

4-amino-5-(4-methoxyphenyl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine  (6) 6 was
prepared according to General Procedure A (reaction time: 1 h). 31 (0.17 g, 0.50 mmol) gave rise to 6
as a white solid (0.087 g, 0.23 mmol). Column chromatography: 1 — 10 % MeOH/DCM. Yield = 47
%. 'H NMR (300 MHz, DMSO-ds) &: 3.53 (ddd, J = 11.7, 6.0, 3.6 Hz, 1H, H-5>), 3.60 — 3.66 (m, 1H,
H-5"), 3.80 (s, 3H, OCHs), 3.90 (q, J = 3.6 Hz, 1H, H-4’), 4.08 — 4.25 (m, 1H, H-3"), 4.42 — 4.48 (m,
1H, H-2), 5.10 (d, J = 4.5 Hz, 1H, OH-3"), 5.18 (dd, J = 6.0, 5.4 Hz, 1H, OH-5"), 5.30 (d, J = 6.3 Hz,
1H, OH-2"), 6.08 (br. s, 2H, NH), 6.10 (d, J = 6.3 Hz, 1H, H-1°), 7.03 — 7.08 (M, 2H, Here), 7.36 — 7.41
(m, 2H, Hene), 7.45 (s, 1H, H-6), 8.13 (s, 1H, H-2). HRMS (ESI): calculated for C1gH21N4Os ([M+H]*):

373.1506, found: 373.1525. Spectral data are in accordance with literature values.?®



4-amino-5-(3-chlorophenyl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (7) 7 was prepared
according to General Procedure A (reaction time: 1 h). 31 (0.24 g, 0.70 mmol) gave rise to 7 as a white
solid (0.056 g, 0.15 mmol). Column chromatography: 1 — 10 % MeOH/DCM. Yield = 22 %. Melting
point: 135 °C. *H NMR (300 MHz, DMSO-de) 8: 3.53 (ddd, J = 12.0, 6.0, 4.2 Hz, 1H, H-5""), 3.64 (ddd,
J=12.0,4.8, 4.2 Hz, 1H, H-5),3.90 (q, J = 3.6 Hz, 1H, H-4), 4.09 — 4.13 (m, 1H, H-3"), 4.45 (q, J =
6.0 Hz, 1H, H-2"), 5.11 (d, J = 4.8 Hz, 1H, OH-3), 5.15 (dd, J = 6.0, 5.1 Hz, 1H, OH-5"), 5.32 (d, J =
6.6 Hz, 1H, OH-2"), 6.12 (d, J = 6.3 Hz, 1H, H-1"), 6.24 (br. s, 2H, NHy), 7.39 — 7.45 (m, 2H, H-5pe,
H-6pne), 7.49 (d, J = 7.8 Hz, 1H, H-4pre), 7.52 (t, J = 1.8 Hz, 1H, H-2ppe), 7.64 (s, 1H, H-6), 8.16 (s, 1H,
H-2). 3C NMR (75 MHz, DMSO-ds) &: 61.6 (C-5"), 70.5 (C-3"), 73.8 (C-2"), 85.1 (C-4"), 87.0 (C-1),
100.2 (C-4a), 115.0 (C-5), 121.9 (C-6), 126.5 (Cpre), 126.9 (Cphe), 127.9 (C-2pre), 130.7 (C-4phe), 133.5
(C-3pre), 136.6 (C-1pne), 151.1 (C-7a), 151.8 (C-2), 157.3 (C-4). HRMS (ESI): calculated for

C17H15CIN4O4 ([M+H]*): 377.1011, found: 377.0993.

4-amino-5-(4-chlorophenyl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (8) 8 was prepared
according to the General Procedure A (reaction time: 3 h). 31 (0.17 g, 0.50 mmol) gave rise to 8 as a
white solid (0.084 g, 0.22 mmol). Column chromatography: 1 — 10 % MeOH/DCM. Yield = 45 %.
Melting point: 130 — 132 °C. *H NMR (300 MHz, DMSO-dg) &: 3.53 (ddd, J = 11.7, 6.0, 3.9 Hz, 1H, H-
57), 3.60 — 3.67 (M, 1H, H-5"), 3.90 (q, J = 3.6 Hz, 1H, H-4"), 4.08 — 4.13 (m, 1H, H-4"), 4.42 — 4.48
(m, 1H, H-2"), 5.11 (d, J = 4.8 Hz, 1H, OH-3"), 5.17 (t, J = 5.7 Hz, 1H, OH-5"), 5.32 (d, J = 6.6 Hz, 1H,
OH-2), 6.12 (d, J = 6.0 Hz, 1H, H-1°), 6.21 (br. s, 2H, NH), 7.46 — 7.49 (m, 2H, Here), 7.52 — 7.55 (m,
2H, Hpre), 7.58 (s, 1H, H-6), 8.15 (s, 1H, H-2). *C NMR (75 MHz, DMSO-ds) &: 61.6 (C-5), 70.6 (C-
3%), 73.8 (C-2), 85.1 (C-4), 87.0 (C-1°), 100.3 (C-4a), 115.1 (C-5), 121.5 (C-6), 128.9 (2Cene), 130.1
(2Cphe), 131.5 (Cpre), 133.3 (Cpre), 151.0 (C-7a), 151.7 (C-2), 157.3 (C-4). HRMS (ESI): calculated for

C17H18C|N404 ([M+H]+): 377.1011, found: 377.1028.

4-amino-5-(3,4-dichlorophenyl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine  (9) 9 was
prepared according to General Procedure A (reaction time: 3 h). 31 (0.17 g, 0.50 mmol) gave rise to 9
as a white solid (0.060 g, 0.15 mmol). Column chromatography: 1 — 10 % MeOH/DCM. Yield = 29

%. Melting point: 221 — 223 °C. 'H NMR (300 MHz, DMSO-ds) &: 3.53 (dd, J = 11.7, 3.3 Hz, 1H, H-



57), 3.64 (dd, J = 11.7, 3.6 Hz, 1H, H-5"), 3.90 (q, J = 3.6 Hz, 1H, H-4"), 4.42 — 4.47 (m, 1H, H-2"),
5.13 (br. s, 2H, OH-3’, OH-5"), 5.33 (d, J = 6.0 Hz, 1H, OH-2"), 6.12 (d, J = 6.3 Hz, 1H, H-1°), 6.41
(br. s, 2H, NHy), 7.43 (dd, J = 8.4, 2.1 Hz, 1H, H-6pre), 7.68 — 7.72 (M, 3H, H-6, H-2pne, H-5p1e), 8.17
(s, 1H, H-2). 3C NMR (75 MHz, DMSO-ds) &: 61.6 (C-5"), 70.5 (C-3), 73.8 (C-2°), 85.1 (C-4"), 87.0
(C-17), 100.0 (C-4a), 114.2 (C-5), 122.2 (C-6), 128.5 (Cpne), 129.2 (Cere), 129.9 (Cere), 130.8 (Cene),
131.3 (Cpre), 135.0 (Cpre), 151.1 (C-7a), 151.6 (C-2), 157.2 (C-4). HRMS (ESI): calculated for

C17H17CIoN4O4 ([M+H]Y): 411.0621, found: 411.0627.

4-amino-5-(3,5-dichlorophenyl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (10) 10 was
prepared according to General Procedure A (reaction time: 3 h). 31 (0.24 g, 0.70 mmol) gave rise to 10
as a white solid (0.080 g, 0.20 mmol). Column chromatography: 1 — 10 % MeOH/DCM. Yield = 28
%. Melting point: 219 °C. *H NMR (300 MHz, DMSO-ds) &: 3.53 (ddd, J = 12.0, 6.0, 4.2 Hz, 1H, H-
57", 3.64 (ddd, J = 12.0, 5.1, 4.2 Hz, 1H, H-5°), 3.90 (q, J = 3.6 Hz, 1H, H-4"), 4.09 — 4.13 (m, 1H, H-
3°), 4.44 (q, J = 5.7 Hz, 1 H, H-2"), 5.12 — 5.16 (m, 2H, OH-5", OH-3"), 5.33 (d, J = 6.3 Hz, 1H, OH-
2%), 6.12 (d, J = 6.3 Hz, 1H, H-1"), 6.40 (br. s, 2H, NHy), 7.48 (d, J = 2.1 Hz, 2H, H-2pne, H-6pne), 7.54
(t, J = 2.1 Hz, 1H, H-4pre), 7.73 (s, 1H, H-6), 8.17 (s, 1H, H-2). *C NMR (75 MHz, DMSO-ds) &: 61.6
(C-5"), 70.5 (C-3"), 73.8 (C-2’), 85.1 (C-4"), 86.9 (C-1°), 99.9 (C-4a), 113.9 (C-5), 122.6 (C-6), 125.9
(C-4phe), 126.8 (2C, C-2phe, C-6pne), 134.2 (2C, C-3pne, C-5pre), 137.9 (C-1phe), 151.3 (C-7a), 151.9 (C-

2), 157.4 (C-4). HRMS (ESI): calculated for C17H17C1o2N4O4 ([M+H]*): 411.0621, found: 411.0625.

4-amino-5-(2-fluorophenyl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine  (11) 11  was
prepared according to General Procedure A (reaction time: 1.5 h). 31 (0.24 g, 0.70 mmol) gave rise to
11 as a white solid (0.095 g, 0.27 mmol). Column chromatography: 1 — 10 % MeOH/DCM. Yield =
40 %. Melting point: 130 °C. *H NMR (300 MHz, DMSO-ds) 6: 3.32 — 3.66 (m, 2H, H-5, H-5""), 3.91
(dd, J = 6.9, 3.6 Hz, 1H, H-4"), 4.10 — 4.12 (m, 1H, H-3"), 4.46 (q, J = 6.3 Hz, 1H, H-2"), 5.12 (d, J =
4.8 Hz, 1H, OH-3"), 5.19 (dd, J = 6.0, 5.1 Hz, 1H, OH-5"), 5.33 (d, J = 6.6 Hz, 1H, OH-2’), 6.07 (br. s,
2H, NH,), 6.12 (d, J = 6.3 Hz, 1H, H-17), 7.29 — 7.37 (M, 2H, Hete), 7.41 — 7.47 (M, 2H, Hpne), 7.57 (S,
1H, H-6), 8.15 (s, 1H, H-2). *F-NMR (282 MHz, DMSO-d¢) &: -115.56 — -115.48 (m). 3C NMR (75

MHz, DMSO-ds) 5: 61.7 (C-5°), 70.6 (C-3°), 73.8 (C-2°), 85.2 (C-4"), 87.2 (C-1°), 101.4 (C-4a), 108.5



(C-5), 116.1 (d, J = 21.8 Hz, 1C, Cpre), 121.8 (d, J = 14.9 Hz, 1C, Cpre), 122.4 (C-6), 124.8 (d, J = 3.5
Hz, 1C, Cpne), 129.4 (d, J = 8.0 Hz, 1C, Cpre), 131.9 (d, J = 2.2 Hz, 1C, Cpre), 150.6 (C-7a), 151.7 (C-2),
157.3 (C-4), 159.4 (d, J = 242.8 Hz, 1C, C-F). HRMS (ESI): calculated for Ci7H1sFN4O4 ([M+H]*):

361.1307, found: 361.1311.

4-amino-5-(4-fluorophenyl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine  (12) 12 was
prepared according to General Procedure A (reaction time: 1.5 h). 31 (0.24 g, 0.70 mmol) gave rise to
12 as a white solid (0.075 g, 0.21 mmol). Column chromatography: 1 — 10 % MeOH/DCM. Yield =
30 %. Melting point: 145 — 148 °C (decomposed). *H NMR (300 MHz, DMSO-dg) &: 3.53 (ddd, J =
12.0, 6.0, 3.9 Hz, 1H, H-5""), 3.63 (ddd, J = 12.0, 5.1, 4.2 Hz, 1H, H-5"), 3.90 (g, J = 3.6 Hz, 1H, H-4"),
4.11 (dd, J = 3.9, 5.1 Hz, 1H, H-3°), 4.42 — 4.48 (m, 1H, H-2"), 5.11 (d, J = 4.8 Hz, 1H, OH-3"), 5.17 (¢,
J=5.7 Hz, 1H, OH-5"), 5.31 (d, J = 6.3 Hz, 1H, OH-2"), 6.11 (d, J = 6.3 Hz, 1H, H-1°), 6.15 (br. s, 2H,
NH,), 7.27 — 7.35 (m, 2H, Hpne), 7.46 — 7.51 (M, 2H, Hpre), 7.53 (s, 1H, H-6), 8.15 (s, 1H, H-2). 1°F-
NMR (282 MHz, DMSO-ds) &: -116.01 (ddd, J = 13.8, 9.0, 5.9 Hz, 1F). *C NMR (75 MHz, DMSO-ds)
8: 61.7 (C-5°), 70.6 (C-3"), 73.8 (C-2°), 85.1 (C-4’), 87.1 (C-1°), 100.5 (C-4a), 115.5 (d, J = 26.3 Hz,
2C, C-3phe, C-5phe), 116.0 (C-5), 121.2 (C-6), 130,4 (d, J = 8.0 Hz, 2C, C-2pte, C-6p1e), 130.8 (d, J = 3.5
Hz, 1C, C-1pte), 150.9 (C-7a), 151.7 (C-2), 157.4 (C-4), 161.5 (d, J = 241.6 Hz, 1C, C-4pne). HRMS

(ESI): calculated for C17H1sFN4O4 ([M+H]*): 361.1307, found: 361.1291.

4-amino-5-(pyridin-2-yl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (13) 13 was prepared
according to General Procedure D. 40 (0.585 g, 0.858 mmol) gave rise to 13 as a white solid (0.140 g,
0.408 mmol). Column chromatography: 1 — 10 % MeOH/DCM. Yield = 48 %. Melting point: 238 °C.
IH NMR (300 MHz, DMSO-ds) &: 3.57 (ddd, J = 11.7, 6.6, 4.2 Hz, 1H, H-5>), 3.69 (ddd, J = 12.0, 5.1,
4.2 Hz, 1H, H-5"),3.92 (q, J = 3.9 Hz, 1H, H-4"), 4.14 (dd, J = 8.7, 5.1 Hz, 1H, H-3"), 4.48 (q, J = 5.7
Hz, 1H, H-2"), 5.28 (dd, J = 6.3, 5.4 Hz, 1H, OH-5"), 5.36 (d, J = 6.0 Hz, 1H, OH-2"), 6.09 (d, J = 5.7
Hz, 1H, H-1°), 7.25 (ddd, J = 7.2, 5.1, 0.9 Hz, 1H, H-5py:), 7.29 (br. s, 1H, NH), 7.85 (ddd, J = 8.1, 7.5,
1.8 Hz, 1H, H-4py), 7.98 (dt, J = 8.1, 0.9 Hz, 1H, H-3py), 8.07 (s, 1H, H-2), 8.26 (s, 1H, H-6), 8.55 (ddd,
J=5.1,1.8, 0.9 Hz, 1H, H-6py;), 9.88 (br. s, 1H, NH). 3C NMR (75 MHz, DMSO-ds) 5: 61.6 (C-5"),

70.4 (C-3*), 73.7 (C-2), 85.1 (C-4), 87.3 (C-1°), 100.6 (C-4a), 116.0 (C-5), 120.3 (C-3py), 121.1 (C-



5pyr), 123.3 (C-6), 137.7 (C-4pyr), 147.9 (C-6pyr), 151.5 (C-7a), 152.5 (C-2), 153.1 (C-2py1), 158.7 (C-4).

HRMS (ESI): calculated for C16H1sNsO4 ([M+H]*): 344.1353, found: 344.1370.

4-amino-5-(pyridin-3-yl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (14) 14 was prepared
according to General Procedure A (reaction time: 20 h), with the use of 3-pyridinylboronic acid pinacol
ester. 31 (0.17 g, 0.50 mmol) gave rise to 14 as a white solid (0.060 g, 0.18 mmol). Column
chromatography: 1 — 20 % MeOH/DCM. Yield = 35 %. Melting point: 220 °C (decomposed). *H NMR
(300 MHz, DMSO-ds) 8: 3.50 — 3.57 (m, 1H, H-5""), 3.60 — 3.67 (m, 1H, H-5%), 3.91 (dd, J =7.2, 3.9
Hz, 1H, H-4"), 4.09 — 4.14 (m, 1H, H-3"), 4.46 (dd, J = 11.4, 6.3 Hz, 1H, H-2), 5.13 (d, J = 4.8 Hz, 1H,
OH-3’), 5.17 (t, = 5.7 Hz, 1H, OH-5"), 5.33 (d, J = 6.3 Hz, 1H, OH-2"), 6.13 (d, J = 6.0 Hz, 1H, H-
1°), 6.26 (br. s, 2H, NHy), 7.48 (ddd, J = 8.1, 5.1, 0.9 Hz, 1H, H-4sy), 7.67 (s, 1H, H-6), 7.85 (dt, J =
8.1, 2.1 Hz, 1H, H-5py;), 8.17 (s, 1H, H-2), 8.55 (dd, J = 4.8, 1.8 Hz, 1H, H-6py:), 8.70 (dd, J = 2.4, 0.9
Hz, 1H, H-2py). C NMR (75 MHz, DMSO-ds) 8: 61.6 (C-5°), 70.6 (C-3°), 73.8 (C-2°), 85.1 (C-4"),
87.1 (C-17), 100.4 (C-4a), 112.8 (C-5), 122.0 (C-6), 123.8 (C-5pyr), 130.3 (C-3pyr), 135.6 (C-dpyr), 147.7
(C-6pyr), 148.8 (C-2py), 151.2 (C-7a), 151.8 (C-2), 157.5 (C-4). HRMS (ESI): calculated for

C16H18Ns04: 344.1353 ([M+H]"), found: 344.1353.

4-amino-5-(pyridin-4-yl)-N7-g-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (15) 31 (0.172 g, 0.5
mmol, 1 eq.), 4-pyridinylboronic acid (0.092 g, 0.75 mmol, 1.5 eq.), Pdz(dba)s (0.023 g, 0.025 mmol,
0.05 eq.) and P(c-hexyl)s (0.017 g, 0.06 mmol, 0.12 eq.) were added to a 10 mL round-bottom flask,
containing a stir bar. Next, the flask was evacuated and refilled with argon three times. Then, 1,4-
dioxane was added (1.33 mL, 2.67 mL/mmol SM) together with 1.27 M ag. K3POs solution (0.67 mL,
1.33 mL/mmol SM). The flask was stirred at ambient temperature for ~ 5 min and then transferred to a
pre-heated oil bath at 100 °C. Heating was continued for 20 h, after which the mixture was cooled to
ambient temperature. The mixture was neutralized (pH ~ 7) with 0.5 M ag. HCI. The mixture was
evaporated till dryness and re-suspended in MeOH and evaporated (three times). Next, the mixture was
adsorbed onto Celite® (from MeOH) and eluted over a short silica pad (~ 5 cm) with 20 % MeOH/DCM.
The liquid was evaporated in vacuo and purified by column chromatography 5 — 20 % MeOH/EA. 15

was isolated as a yellow solid (0.06 g, 0.175 mmol). Yield = 35 %. Melting point: 260 — 261 °C. 'H



NMR (300 MHz, DMSO-dg) &: 3.51 — 3.58 (m, 1H, H-5"), 3.61 — 3.68 (m, 1H, H-5"), 3.91 (q, J = 3.6
Hz, 1H, H-4%), 4.12 (br. s, 1H, H-3"), 4.45 (br. s, 1H, H-2"), 5.13 — 5.20 (m, 2H, OH-3’, OH-5"), 5.36
(br. s, 1H, OH-2"), 6.13 (d, J = 6.3 Hz, 1H, H-1°), 6.38 (br. s, 2H, NH,), 7.47 (dd, J = 4.5, 1.8 Hz, 2H,
H-3pyr, H-5pyr), 7.79 (s, 1H, H-6), 8.18 (s, 1H, H-2), 8.61 (dd, J = 4.5, 1.8 Hz, 2H, H-2py;, H-6py:). 13C
NMR (75 MHz, DMSO-dg) &: 61.6 (C-5°), 70.5 (C-3*), 73.8 (C-2"), 85.2 (C-4"), 87.1 (C-1°), 99.9 (C-
43), 114.0 (C-5), 122.8 (2C, C-3pyr, C-5pyr), 123.0 (C-6), 141.9 (C-4py:), 149.9 (2C, C-2pyr, C-6pyr), 151.5
(C-7a), 152.0 (C-2), 157.4 (C-4). HRMS (ESI): calculated for C1sH1sNsO4: 344.1353 ([M+H]"), found:

344.1350.

4-amino-5-(pyrazin-2-yl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (16) 16 was prepared
according to General Procedure B. The mixture was purified by column chromatography 25 — 100 %
EA / Hex. Product containing fractions were pooled and evaporated (still containing some impurities).
The resulting solid was dissolved in 15 mL 7N NHs; / MeOH and stirred at ambient temperature
overnight. Next, the mixture was evaporated till dryness. Purification by column chromatography (8 —
15 % MeOH/DCM). Product containing fractions were pooled and evaporated till near-dryness, after
which the product precipitated out of the solution. 36 (0.40 g, 0.60 mmol) gave rise to 16 (0.075 g, 0.22
mmol) as a white solid. Yield = 36 %. Melting point: 257 °C. *H NMR (300 MHz, DMSO-ds) &: 3.54 —
3.62 (m, 1H, H-5""), 3.67 — 3.74 (m, 1H, H-5%), 3.93 (dd, J = 7.5, 3.9 Hz, 1H, H-4"), 4.15 (dd, J = 9.0,
5.1 Hz, 1H, H-3"), 4.47 (q, J = 5.7 Hz, 1H, H-4"), 5.15 (d, J = 5.1 Hz, 1H, OH-3"), 5.25 (t, J = 5.7 Hz,
1H, OH-5"), 5.39 (d, J = 6.0 Hz, 1H, OH-2), 6.11 (d, J = 6.0 Hz, 1H, H-17), 7.43 (br. s, 1H, NH), 8.11
(s, 1H, H-2), 8.45 (d, J = 2.7 Hz, 1H, H-6pyr), 8.49 (s, 1H, H-6), 8.59 (dd, J = 2.7, 1.5 Hz, 1H, H-5pyr),
9.14 (br. s, 1H, NH), 9.30 (d, J = 1.2 Hz, 1H, H-3pyr). *C NMR (75 MHz, DMSO-de) §: 61.5 (C-5),
70.3 (C-3°), 73.8 (C-2°), 85.2 (C-4’), 87.3 (C-1°), 100.5 (C-4a), 113.1 (C-5), 124.2 (C-6), 141.1 (C-
Bpyra), 142.3 (C-5pyra), 142.9 (C-3pyra), 148.9 (C-2pyrs), 151.8 (C-7a), 152.8 (C-2), 158.5 (C-4). HRMS

(ES): calculated for CysH17NeO4 ([M+H]*): 345.1306, found: 345.1291.

4-amino-5-(pyrimidin-2-yl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (17) 17 was prepared
according to General Procedure B. The mixture was purified by column chromatography 25 — 100 %

EA/Hex. Product containing fractions were pooled and evaporated (still containing some impurities).



The resulting solid was dissolved in MeOH (10 mL) to which was added 0.1 mL NaOMe solution (5.4
M in MeOH). The mixture was stirred at ambient temperature for 1 hour, and neutralized (pH ~ 7) with
0.5 M aqg. HCI. Next, the mixture was evaporated till dryness. Purification by column chromatography
(2 — 15 % MeOH/DCM). 36 (0.33 g, 0.50 mmol) gave rise to 17 (0.050 g, 0.15 mmol) as a white solid.
Yield = 29 %. Melting point: 200 °C. *H NMR (300 MHz, DMSO-ds) &: 3.54 — 3.69 (m, 2H, H-5", H-
5°%),3.94 (dd, J = 6.0, 3.3 Hz, 1H, H-4), 4.09 — 4.12 (m, 1H, H-3"), 4.46 (dd, J = 11.7, 6.0 Hz, 1H, H-
2%), 5.16 (d, J = 4.2 Hz, 1H, OH-3"), 5.27 (t, J = 5.4 Hz, 1H, OH-5"), 5.36 (d, J = 6.3 Hz, 1H, OH-2"),
6.13 (d, J = 6.3 Hz, 1H, H-1°), 7.32 (t, J = 4.8 Hz, 1H, H-5pyim), 7.39 (br. s, 1H, N-H), 8.10 (s, 1H, H-
2), 8.37 (s, 1H, H-6), 8.80 (d, J = 4.8 Hz, 2H, H-4pyrim, H-6pyrim), 9.56 (br. s, 1H, NH). *C NMR (75
MHz, DMSO-ds) &: 61.6 (C-5), 70.6 (C-3"), 74.0 (C-2°), 85.4 (C-4"), 87.1 (C-1°), 100.3 (C-4a), 115.4
(C-5), 118.2 (C-5pyrim), 126.9 (C-6), 151.7 (C-7a), 152.7 (C-2), 157.4 (C-dpyrim, C-6pyrim), 158.5 (C-4),

161.4 (C-2pyrim). HRMS (ESI): calculated for C1sH17NsO4 ([M+H]"): 345.1306, found: 345.1316.

4-amino-5-(pyrimidin-5-yl)-N7-p-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (18) 31 (0.17 g, 0.50
mmol, 1 eq.), pyrimidin-5-yl-boronic acid (0.092 g, 0.75 mmol, 1.5 eq.), Pd2(dba); (0.005 g, 0.005
mmol, 0.01 eq.) and P(c-hexyl); (0.0035 g, 0.012 mmol, 0.024 eq.) were added to a 10 mL round-bottom
flask containing a stir bar. Next, the flask was evacuated and refilled with argon three times. Then, 1,4-
dioxane was added (1.33 mL, 2.67 mL/mmol SM) together with 1.27 M ag. K3sPO4 solution (0.67 mL,
1.3 mL/mmol). The flask was stirred at ambient temperature for ~ 5 min and then transferred to a pre-
heated oil bath at 100 °C. Heating was continued for 38 h, after which the mixture was cooled to ambient
temperature. The mixture was neutralized (pH ~ 7) with 0.5 M ag. HCI. The mixture was evaporated till
dryness re-suspended in MeOH and evaporated (three times). Next, the mixture was adsorbed onto
Celite® (from MeOH) and eluted over a short silica pad (~ 5 cm) with 20 % MeOH/DCM. The liquid
was evaporated in vacuo and purified by column chromatography 5 — 20 % MeOH/EA. 18 was isolated
as a yellow solid (0.045 g, 0.13 mmol). Yield = 26 %. Melting point: 275 °C (decomposed). *H NMR
(300 MHz, DMSO-ds) &: 3.50 —3.57 (m, 1H, H-5"), 3.60 — 3.67 (m, 1H, H-5"), 3.91 (g, J = 3.6 Hz, 1H,
H-4%),4.09 —4.14 (m, 1H, H-3"), 4.45 (dd, J = 11.1, 5.7 Hz, 1H, H-2"), 5.14 — 5.18 (m, 2H, OH-3’, OH-

5%), 5.36 (d, J = 6.0 Hz, 1H, OH-2"), 6.13 (d, J = 6.0 Hz, 1H, H-1°), 6.51 (br. s, 2H, NHy), 7.77 (s, 1H,



H'6), 818 (S, 1H, H‘Z), 886 (S, 2H, H'4Pyrim, H'6Pyrim), 913 (S, 1H, H'2Pyrim). 13C NMR (75 MHZ,
DMSO-ds) 8: 61.6 (C-5°), 70.5 (C-3"), 73.8 (C-2°), 85.2 (C-4"), 87.1 (C-1°), 100.3 (C-4a), 109.3 (C-5),
122.8 (C-6), 128.5 (C-5pyrim), 151.4 (C-7a), 152.0 (C-2), 155.5 (2C, C-4pyrim, C-Bpyrim), 156.2 (C-2pyrim),

157.6 (C-4). HRMS (ESI): calculated for C1sH17NeO4 ([M+H]"): 345.1306, found: 345.1329.

4-amino-5-(1-methyl-1H-imidazol-5-yl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (19) 38
(0.407 g, 0.618 mmol) was dissolved in 7N NHz / MeOH (15 mL) and stirred at ambient temperature
overnight. The resulting mixture was evaporated till dryness and purified by column chromatography
10 — 17.5 % MeOH/DCM. 19 was obtained as a white solid (0.18 g, 0.52 mmol). Yield = 84 %. Melting
point: 170 °C. H NMR (300 MHz, DMSO-dg) &: 3.50 — 3.57 (m, 1H, H-5""), 3.53 (s, 3H, CHa), 3.61 —
3.68 (M, 1H, H-5"), 3.91 (q, J = 3.6 Hz, 1H, H-4"), 4.07 — 4.14 (m, 1H, H-3"), 4.45 (dd, J = 11.4, 6.3
Hz, 1H, H-2"), 5.13 (d, J = 4.8 Hz, 1H, OH-3"), 5.21 (dd, J = 6.3, 5.4 Hz, 1H, OH-5"), 5.36 (d, J = 6.3
Hz, 1H, OH-2"), 6.10 (d, J = 6.0 Hz, 1H, H-1°), 6.16 (br. s, 2H, NHy), 6.98 (s, 1H, H-4imia), 7.61 (s, 1H,
H-6), 7.76 (s, 1H, H-2imi¢), 8.15 (s, 1H, H-2). 3C NMR (75 MHz, DMSO-ds) &: 31.5 (CHs), 61.6 (C-
5%),70.5 (C-3), 73.9 (C-2), 85.1 (C-4°), 87.4 (C-1°), 101.7 (C-4a), 102.3 (C-5), 123.0 (C-6), 125.1 (C-
Simid), 128.3 (C-4imia), 139.4 (C-2imid), 150.3 (C-7a), 152.0 (C-2), 157.3 (C-4). HRMS (ESI): calculated

for CisH1sN6O4 ([M+H]"): 347.1462, found: 347.1481.

4-amino-5-(1-methyl-1H-imidazol-4-yl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (20) 20
was prepared according to General Procedure B, employing 1-methyl-4-(tributylstannyl)-1H-
imidazole3° as the coupling partner. The mixture was purified by column chromatography 0 — 3.5 %
MeOH / DCM. Product containing fractions were pooled and evaporated (still containing some
impurities). The resulting solid was dissolved in 20 mL 7N NH3/MeOH and stirred at ambient
temperature overnight. Next, the mixture was evaporated till dryness. Purification by column
chromatography (10 % MeOH/DCM). 36 (0.40 g, 0.60 mmol) gave rise to 20 (0.025 g, 0.072 mmol) as
awhite solid. Yield = 25 %. Melting point: 162 — 164 °C. *H NMR (300 MHz, DMSO-de) &: 3.50 — 3.57
(m, 1H, H-5""), 3.61 — 3.69 (m, 1H, H-5"), 3.70 (s, 3H, CHz), 3.90 (q, J = 3.6 Hz, 1H, H-4"), 4.07 — 4.12
(m, 1H, H-3), 4.41 (dd, J = 11.1, 6.0 Hz, 1H, H-2), 5.10 (d, J = 4.5 Hz, 1H, OH-3"), 525 (t, J = 5.7

Hz, 1H, OH-5"), 5.30 (d, J = 6.3 Hz, 1H, OH-2), 6.03 (d, J = 6.3 Hz, 1H, H-17), 7.10 (br. s, 1H, NH),



7.47 (d, J = 1.2 Hz, 1H, H-51mig), 7.64 (s, 1H, H-6), 7.74 (d, J = 0.9 Hz, 1H, H-2imig), 8.01 (s, 1H, H-2).
9.81 (br. s, 1H, NH). *C NMR (75 MHz, DMSO-ds) &: 33.2 (CHs), 61.9 (C-5"), 70.7 (C-3"), 73.6 (C-
2’%), 85.0 (C-4"), 87.1 (C-17), 100.5 (C-4a), 110.4 (C-5), 116.0 (C-5imi¢), 117.7 (C-6), 135.6 (C-4imid),
137.1 (C-2imig), 150.4 (C-7a), 151.9 (C-2), 158.3 (C-4). HRMS (ESI): calculated for CisHigNsOx

(IM+H]"): 347.1462, found: 347.1462. Purity: 92%

4-amino-5-(4-methylpyridin-2-yl)-N7-p-(D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (21) 21 was
prepared according to General Procedure D. Purification by column chromatography 5 — 15 %
MeOH/DCM. 41 (0.13 g, 0.18 mmol) gave rise to 21 (0.023 g, 0.064 mmol) as a white solid. Yield =
36 %. Melting point: 230 — 234 °C. *H NMR (300 MHz, MeOH-d,) &: 2.40 (s, 3H, CHs), 3.78 (dd, J =
12.6, 3.0 Hz, 1H, H-5"), 3.91 (dd, J = 12.6, 2.7 Hz, 1H, H-5"), 4.14 (q, J = 3.0 Hz, 1H, H-4), 4.33 (dd,
J=5.4,3.3 Hz, 1H, H-3"), 4.66 (dd, J = 6.0, 5.4 Hz, 1H, H-2"), 6.08 (d, J = 6.3 Hz, 1H, H-1"), 7.05 (dd,
J=5.4,0.9 Hz, 1H, H-5py,), 7.75 (br. s, 1H, H-3py;), 8.04 (s, 1H, H-2), 8.10 (s, 1H, H-6), 8.35 (d, J = 3.9
Hz, 1H, H-6py). *C NMR (75 MHz, MeOH-ds) &: 21.2 (CHa), 63.3 (C-5°), 72.3 (C-3°), 75.6 (C-2"),
87.3 (C-4’), 91.3 (C-1°), 103.2 (C-4a), 118.4 (C-5), 122.0 (C-3py:), 123.5 (C-5py;), 124.9 (C-6), 148.6
(C-6pyr), 150.3 (C-4pyr), 151.7 (C-7a), 152.6 (C-2py), 154.2 (C-2), 160.4 (C-4). HRMS (ESI): calculated

for C17H20Ns04 ([M+H]*): 358.1510, found: 358.1490.

4-amino-5-(4-methoxypyridin-2-yl)-N7-(g-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (22) 22 was
prepared according to General Procedure D. Purification by column chromatography 5 — 10 %
MeOH/DCM. 42 (0.12 g, 0.17 mmol) gave rise to 22 (0.014 g, 0.037 mmol) as a white solid. Yield =
22 %. Melting point: 135 — 140 °C / 225 °C. 'H NMR (300 MHz, MeOH-d,) &: 3.78 (dd, J = 12.6, 3.0
Hz, 1H, H-5""), 3.92 (dd, J = 12.6, 2.7 Hz, 1H, H-5"), 3.94 (s, 3H, OCHs), 4.14 (g, J = 3.0 Hz, 1H, H-
4%),4.34 (dd, J =5.1, 3.3 Hz, 1H, H-3°), 4.65 (t, J = 5.7 Hz, 1H, H-2"), 6.08 (d, J = 6.0 Hz, 1H, H-1"),
6.82 (dd, J = 6.0, 2.4 Hz, 1H, H-5py), 7.42 (d, J = 2.1 Hz, 1H, H-3py7), 8.05 (s, 1H, H-2), 8.15 (s, 1H, H-
6), 8.34 (dd, J = 6.0, 0.6 Hz, 1H, H-6py,). 3C NMR (75 MHz, MeOH-d,) &: 56.0 (OCHs), 63.2 (C-5°),
72.2 (C-3°), 75.5 (C-2°), 87.3 (C-4"), 91.4 (C-1"), 103.2" (C-4a), 106.35 (C-3py:), 109.5 (C-5py:), 118.4

(C-5), 125.0 (C-6), 150.2 (C-6pyr), 151.6 (C-7a), 152.7 (C-2), 156.0 (C-2py:), 160.4 (C-4), 168.4 (C-doy).



HRMS (ESI): calculated for Ci17H20NsOs ([M+H]*): 374.1459, found: 374.1437. “This value was

obtained from the gHMBC spectrum; and could not be observed from the *C-NMR.

4-amino-5-(6-chloro-pyridin-2-yl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (23) 23 was
prepared according to General Procedure D. After evaporation, the resulting mixture was taken up in
MeOH and the precipitate collected by filtration to yield pure 23, which did not require column
chromatography. 43 (0.14 g, 0.20 mmol) gave rise to 23 (0.045 g, 0.12 mmol) as a white solid. Yield =
59 %. Melting point: 214 °C. *H NMR (300 MHz, DMSO-dg) &: 3.51 —3.60 (m, 1H, H-5""), 3.62 — 3.72
(m, 1H, H-5"), 3.92 (q, J = 3.9 Hz, 1H, H-4"), 4.14 (t, J = 4.2 Hz, 1H, H-3"), 4.46 (t, J = 5.4 Hz, 1H, H-
2%),5.17 (br. s, 1H, OH-3"), 5.27 (br. s, 1H, OH-5"), 5.40 (br. s, |H, OH-2"), 6.10 (d, J = 6.0 Hz, 1H, H-
1°), 7.36 (dd, J = 7.8, 0.9 Hz, 1H, H-5py,), 7.47 (br. s, 1H, NH), 7.91 (t, J = 7.8 Hz, 1H, H-4py;), 7.99 (d,
J =7.8 Hz, 1H, H-3py,), 8.09 (s, 1H, H-2), 8.37 (s, 1H, H-6), 9.15 (br. s, 1H, NH). 3C NMR (75 MHz,
DMSO-dg) &: 61.5 (C-5°), 70.3 (C-3°), 73.7 (C-2°), 85.2 (C-4’), 87.2 (C-1), 100.2 (C-4a), 114.7 (C-5),
119.2 (C-3pyr), 120.8 (C-5pyr), 124.6 (C-6), 141.0 (C-4py:), 148.4 (C-6pyr), 151.7 (C-7a), 152.6 (C-2),
154.1 (C-2pyr), 158.6 (C-4). HRMS (ESI): calculated for C16H17CINsO4 ([M+H]*): 378.0964, found:

378.0964.

4-amino-5-(5-chloro-pyridin-2-yl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (24) 24 was
prepared according to General Procedure D. After evaporation, the resulting mixture was taken up in
MeOH and the precipitate collected by filtration to yield pure 24, which did not require column
chromatography. 44 (0.20 g, 0.28 mmol) gave rise to 24 (0.051 g, 0.14 mmol) as a white solid. Yield =
49 %. Melting point: 203 °C. 'H NMR (300 MHz, DMSO-ds) &: 3.53 — 3.61 (m, 1H, H-5""), 3.69 (dt, J
=12.3, 4.5 Hz, 1H, H-5), 3.92 (q, J = 3.6 Hz, 1H, H-4"), 4.14 (br. s, 1H, H-3"), 4.60 (br. s, 1H, H-2"),
5.14 (d, J = 3.0 Hz, 1H, OH-3"), 5.25 (t, J = 5.4 Hz, 1H, OH-5"), 5.38 (d, J = 4.5 Hz, 1H, OH-2’), 6.10
(d, J=6.0 Hz, 1H, H-1), 7.34 (br. s, 1H, NH), 7.98 (dd, J = 8.7, 2.4 Hz, 1H, H-4py,), 8.02 (dd, J = 9.0,
0.9 Hz, 1H, H-3py,), 8.08 (s, 1H, H-2), 8.30 (s, 1H, H-6), 8.63 (dd, J = 2.4, 0.9 Hz, 1H, H-6py;), 9.38 (br.
s, 1H, NH). 3C NMR (75 MHz, DMSO-ds) &: 61.6 (C-5°), 70.4 (C-3°), 73.7 (C-2°), 85.2 (C-4), 87.2

(C-1°), 100.3 (C-4a), 115.1 (C-5), 121.7 (C-3pyr), 124.0 (C-6), 127.9 (C-5py), 137.5 (C-dpyr), 146.5 (C-



6ryr), 151.6 (C-7a), 151.8 (C-2pyr), 152.6 (C-2), 158.6 (C-4). HRMS (ESI): calculated for C1H17CINsO4

(IM+H]"): 378.0964, found: 378.0961.

4-amino-5-(4-chloro-pyridin-2-yl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (25) 25 was
prepared according to General Procedure D. Purification by column chromatography 5 — 15 %
MeOH/DCM. 45 (0.11 g, 0.16 mmol) gave rise to 25 (0.019 g, 0.050 mmol) as a white solid. Yield =
32 %. Melting point: 258 — 261 °C. *H NMR (300 MHz, DMSO-ds) &: 3.52 — 3.60 (m, 1H, H-5""), 3.65
—3.72(m, 1H, H-5°),3.96 (q, J = 3.9 Hz, 1H, H-4"), 4.12 — 4.16 (m, 1H, H-3"), 4.48 (g, J = 6.0 Hz, 1H,
H-2%), 5.13 (d, J = 4.8 Hz, 1H, OH-3"), 5.20 (t, J = 5.7 Hz, 1H, OH-5"), 5.37 (d, J = 6.3 Hz, 1H, OH-
2%), 6.10 (d, J = 6.0 Hz, 1H, H-1"), 7.33 (br. s, 1H, NH), 7.38 (dd, J = 5.7, 1.8 Hz, 1H, H-5py,), 8.09 (s,
1H, H-6), 8.17 (d, J = 1.5 Hz, 1H, H-3py;), 8.38 (s, 1H, H-2), 8.54 (d, J = 5.4 Hz, 1H, H-6py:), 9.62 (br.
s, 1H, NH). 3C NMR (75 MHz, DMSO-dg) &: 61.6 (C-5°), 70.3 (C-3°), 73.5 (C-2), 85.1 (C-4’), 87.0
(C-1°), 100.4 (C-44), 115.0 (C-5), 120.0 (C-3py:), 121.0 (C-5pyr), 124.3 (C-6), 144.3 (C-4pyy), 149.5 (C-
6pyr), 151.70 (C-7a), 152.7 (C-2), 154.8 (C-2¢yr), 158.6 (C-4). HRMS (ESI): calculated for C16H17CINsOx4

(IM+H]"): 378.0964, found: 378.0976.

4-amino-5-(5-fluoro-pyridin-2-yl)-N7-(p-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (26) 26 was
prepared according to General Procedure D. After evaporation, the resulting mixture was taken up in
MeOH and the precipitate collected by filtration to yield 26, which did not require column
chromatography. 46 (0.15 g, 0.22 mmol) gave rise to 26 (0.046 g, 0.13 mmol) as a white solid. Yield =
59 %. Melting point; 220 °C. *H NMR (300 MHz, DMSO-ds) &: 3.50 — 3.60 (m, 1H, H-5""), 3.62 — 3.72
(m, 1H, H-5"), 3.92 (q, J = 3.9 Hz, 1H, H-4’), 4.13 — 4.15 (m, 1H, H-3"), 4.47 (t, J = 5.7 Hz, 1H, H-2"),
5.19 (br. s, 1H, OH-3"), 5.27 (br. s, 1H, OH-5"), 5.39 (br. s, 1H, OH-2"), 6.09 (d, J = 6.0 Hz, 1H, H-1),
7.28 (br. s, 1H, NH), 8.07 (dt, J = 8.7, 3.0 Hz, 1H, H-4py,), 8.07 (s, 1H, H-2), 8.07 (dd, J = 8.7, 4.5 Hz,
1H, H-3Py,), 8.24 (s, 1H, H-6), 8.59 (dd, J = 3.0 Hz, 1H, H-6py;), 9.37 (br. s, 1H, NH). F-NMR (282
MHz, DMSO-dg) §: -130.99 (dd, J = 8.5, 4.8 Hz). 3°C NMR (75 MHz, DMSO-ds) : 61.6 (C-5), 70.4
(C-3"), 73.7 (C-27), 85.1 (C-4"), 87.1 (C-1"), 100.4 (C-4a), 115.2 (C-5), 122.1 (C-3py;), 123.3 (C-6),

125.35 (d, J = 19.43 Hz, 1C, C-dpy), 135.56 (d, J = 24.0 Hz, 1C, C-6py;), 150.1 (C-2py7), 151.6 (C-7a),



152.5 (C-2), 157.4 (d, J = 250.7 Hz, 1C, C-5py), 158.6 (C-4). HRMS (ESI): calculated for C1sH17FNsO4

(IM+H]"): 362.1259, found: 362.1263.

4-amino-5-(naphthalen-2-yI)-N7-(g-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine  (27) 27 was
prepared according to General Procedure A (reaction time: 1.5 h). 31 (0.24 g, 0.70 mmol) gave rise to
27 as a white solid (0.17 g, 0.43 mmol). Column chromatography: 1 — 10 % MeOH/DCM. Yield = 62
%. *H NMR (300 MHz, DMSO-dg) &: 3.55 (ddd, J = 12.0, 6.3, 3.9 Hz, 1H, H-5""), 3.65 (ddd, J = 12.0,
5.1, 3.9 Hz, 1H, H-5"), 3.93 (g, J = 3.6 Hz, 1H, H-4’), 4.11 — 4.15 (m, 1H, H-3"), 4.49 (q, J = 6.0 Hz,
1H, H-2), 5.13 (d, J = 4.8 Hz, 1H, OH-3"), 5.19 (dd, J = 6.0, 5.1 Hz, 1H, OH-5"), 5.34 (d, J = 6.3 Hz,
1H, OH-2"), 6.16 (d, J = 6.3 Hz, 1H, H-1°), 6.21 (br. s, 2H, NH,), 7.50 — 7.59 (M, 2Hnar), 7.64 (dd, J =
8.1, 1.8 Hz, 1H, H-3ar), 7.67 (s, 1H, H-6), 7.96 — 7.99 (M, 3Hnar), 8.03 (d, J = 8.7 Hz, 1H, H-4nar), 8.18
(s, 1H, H-2). HRMS (ESI): calculated for C21H21N4O4 ([M+H]?): 393.1557, found: 393.1557. Spectral

data are in accordance to literature values.?®

4-amino-5-(quinolin-2-yl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (28) 28 was prepared
according to the General Procedure D. Column chromatography 0 — 20 % MeOH/DCM. 47 (0.15 g,
0.20 mmol) gave rise to 28 (0.025 g, 0.064 mmol) as a white solid. Yield = 31 %. Melting point: 231 —
234 °C. 'H NMR (300 MHz, DMSO-de) &: 3.58 — 3.62 (m, 1H, H-5""), 3.71 — 3.75 (m, 1H, H-5"), 3.95
(q,J = 3.6 Hz, 1H, H-4"), 4.17 (q, J = 4.2 Hz, 1H, H-3"), 4.52 (q, = 5.4 Hz, 1H, H-2"), 5.16 (d, J = 4.8
Hz, 1H, OH-3"), 5.30 (s, 1H, OH-5"), 5.41 (d, J = 5.7 Hz, 1H, OH-2"), 6.13 (d, J = 6.0 Hz, 1H, H-1"),
7.45 (br. s, 1H, NH), 7.58 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H, H-6quin), 7.79 (ddd, J = 8.4, 6.9, 1.5 Hz, 1H,
H-7ouin), 7.89 (d, J = 8.4 Hz, 1H, H-8uin), 7.97 (d, J = 8.1 Hz, 1H, H-50uin), 8.13 (5, 1H, H-2), 8.15 (J =
8.7 Hz, 1H, H-3quin), 8.41 (d, J = 8.7 Hz, 1H, H-4quin), 8.52 (s, 1H, H-6), 10.64 (br.s, 1H, NH). 2C
NMR (75 MHz, DMSO-ds) 8: 61.6 (C-5"), 70.4 (C-3), 73.7 (C-2°), 85.2 (C-4), 87.3 (C-1"), 100.7 (C-
4a), 116.6 (C-5), 119.3 (C-3quin), 125.5 (C-6), 126.1 (C-6quin / C-4aquin), 126.8 (C-8 quin), 127.9 (C-5quin),
130.3 (C-7quin), 137.2 (C-4quin), 146.1 (C-8aquin), 151.8 (C-7a), 152.6 (C-2), 153.2 (C-2quin), 158.7 (C-

4). HRMS (ESI): calculated for CaoH20NsO4 ([M+H]*): 394.1510, found: 394.1497.

4-amino-5-(isoquinolin-3-yl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine  (29) 29 was

prepared according to General Procedure D. After evaporation, the resulting mixture was taken up in



MeOH and the precipitate collected by filtration to yield 29, which did not require column
chromatography. 48 (0.17 g, 0.23 mmol) gave rise to 29 (0.060 g, 0.15 mmol) as a white solid. Yield =
66 %. Melting point: 258 — 264 °C.*H NMR (300 MHz, DMSO-dg) &: 3.60 (dd, J = 11.7, 4.2 Hz, 1H,
H-5°%), 3.72 (dd, J = 11.7, 3.9 Hz, 1H, H-5"), 3.95 (q, J = 3.6 Hz, 1H, H-4"), 4.18 (dd, J = 4.8, 3.9 Hz,
1H, H-3"), 4.51 (t, J = 5.7 Hz, 1H, H-2"), 5.18 — 5.50 (m, 3H, OH-2’, OH-3’, OH-5"), 6.14 (d, J = 6.0
Hz, 1H, H-1°), 7.34 (br. s, 1H, NH), 7.63 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H, H-7is0q), 7.79 (ddd, J = 8.1, 6.9,
1.2 Hz, 1H, H-61s0q), 7.93 (dd, J = 8.4, 0.9 Hz, 1H, H-5,509), 8.10 (s, 1H, H-2), 8.12 (dd, J = 8.4, 0.9 Hz,
1H, H-8150q), 8.30 (s, 1H, H-6), 8.40 (s, 1H, H-4is0q), 9.38 (5, 1H, H-1is0q), 9.78 (br. s, 1H, NH). *C NMR
(75 MHz, DMSO-ds) &: 61.7 (C-5°), 70.4 (C-3°), 73.7 (C-2°), 85.1 (C-4’), 87.1 (C-1), 100.8 (C-4a),
115.6 (C-4isoq), 116.2 (C-4a), 122.3 (C-6), 126.3 (C-5is09), 126.5 (C-8aisoq), 126.9 (C-71s0q), 127.9 (C-
81s0q), 131.4 (C-61s0q), 136.7 (C-4aisog), 146.8 (C-3isoq), 151.2 (C-Liseg), 151.4 (C-7a), 152.2 (C-2), 158.6

(C-4). HRMS (ESI): calculated for C20H20Ns04 ([M+H]*): 394.1510, found: 394.1503.

4-amino-5-(isoquinol-1-yl)-N7-(B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (30) 30 was prepared
according to General Procedure D. Column chromatography 5 — 10 % MeOH/DCM. 49 (0.13 g, 0.17
mmol) gave rise to 30 (0.035 g, 0.089 mmol) as a white solid. Yield = 51 %. Melting point: 130 — 135
°C. 'H NMR (300 MHz, DMSO-de) &: 3.57 (ddd, J = 11.7, 6.3, 3.3 Hz, 1H, H-5""), 3.68 (ddd, J = 12.0,
4.8, 3.6 Hz, 1H, H-5°), 3.96 (q, J = 3.6 Hz, 1H, H-4"), 4.16 — 4.20 (m, 1H, H-3"), 4.53 (g, J = 5.4 Hz,
1H, H-2°), 5.12 (d, J = 5.1 Hz, 1H, OH-3"), 5.25 (dd, J = 6.3, 4.8 Hz, 1H, OH-5"), 5.46 (d, J = 6.0 Hz,
1H, OH-2’), 6.20 (d, J = 5.4 Hz, 1H, H-1°), 7.54 (br. s, 2H, NHy), 7.72 (ddd, J = 8.4, 6.9, 1.5 Hz, 1H,
H-71s0q), 7.78 (d, J = 5.4 Hz, 1H, H-4is0q), 7.84 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H, H-61s0q), 8.05 (d, J = 8.7
Hz, 1H, H-51500), 8.08 (s, 1H, H-6), 8.19 (s, 1H, H-2), 8.53 (d, J = 8.7 Hz, 1H, H-8is0q), 8.57 (d, J = 5.7
Hz, 1H, H-3is05). *C NMR (75 MHz, DMSO-de) &: 61.2 (C-5°), 70.4 (C-3°), 74.1 (C-2’), 85.1 (C-4"),
87.73 (C-1°), 101.6 (C-4a), 113.6 (C-5), 119.1 (C-4isoq), 126.3 (C-6), 126.4 (C-5is0q), 127.3 (C-8isoq),
127.3 (C-Tisoq), 128.2 (C-8ausoq), 130.7 (C-6isoq), 137.0 (CAdusoq), 141.1 (C-3is0q), 150.9 (C-7a), 152.3 (C-
2), 154.2 (C-Lisog), 158.6 (C-4). HRMS (ESI): calculated for CaoHaoNsO4 ([M+H]*): 394.1510, found:

394.1506.



4-azido-5-bromo-N7-(2°,3°,5°-tri-O-benzoyl-p-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (34)
3230 (1.0 g, 1.5 mmol) was dissolved in anhydrous DMF (15 mL, 10 mL/mmol SM). Next, NaN; (0.20
g, 3.1 mmol, 2.05 eq.) was added. The resulting mixture was heated in a pre-heated oil bath at 65 °C for
30 min. Next, the mixture was cooled to ambient temperature. Then, it was poured into half-saturated
NaHCOs; solution (75 mL) and EA (75 mL). The layers were separated, and the water layer extracted
two more times with EA. The organic layers were combined, dried over Na,SO., filtered and evaporated
till dryness. The residue was purified by column chromatography (30 % EA/Hex) to yield 34 as a white
foam (0.93 g, 1.4 mmol). Yield = 90 %. *H NMR (300 MHz, DMSO-ds) 8: 4.72 (dd, J = 12.3, 5.1 Hz,
1H, H-5°"), 4.83 (dd, J = 12.0, 3.9 Hz, 1H, H-5"), 4.90 — 4.95 (m, 1H, H-4"), 6.10 — 6.14 (m, 1H, H-3"),
6.26 — 6.30 (M, 1H, H-2), 6.85 (d, J = 5.1 Hz, 1H, H-1°), 7.41 — 7.53 (m, 6H, OBz), 7.61 — 7.70 (m,
3H, OBz), 7.86 — 7.89 (m, 2H, OBz), 7.93 — 7.97 (m, 2H, OBz), 7.98 — 8.01 (m, 2H, OBz), 8.30 (s, 1H,
H-6), 9.94 (s, 1H, H-2). *C NMR (75 MHz, DMSO-ds) &: 63.5 (C-5°), 70.7 (C-3"), 74.0 (C-2°), 79.5
(C-4%), 88.9 (C-17), 90.0, 103.9, 125.8 (C-6), 128.2, 128.5, 128.8, 129.2, 129.2, 129.4, 133.5, 133.9,
134.0, 135.1 (C-2), 140.6 (C-7a), 145.4 (C-4), 164.4 (C=0), 164.6 (C=0), 165.4 (C=0). HRMS (ESI):

calculated for C32H24BrNgO7 ([M+H]*): 683.0884, found: 683.0917.

4-azido-5-iodo-N7-(2°,3,5’-tri-O-benzoyl-p-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (35) 35
was prepared according to the procedure as described for 34. 33%° (3.56 g, 4.91 mmol) gave rise to 35
as a white foam (3.1 g, 4.2 mmol) in 86 % yield. Column chromatography 35 % EA/Hex. *H NMR (300
MHz, DMSO-ds) 8: 4.72 (dd, J = 12.0, 5.1 Hz, 1H, H-5""), 4.83 (dd, J = 12.0, 4.2 Hz, 1H, H-5"), 4.90 —
4.94 (m, 1H, H-4"), 6.12 (t, J = 6.0 Hz, 1H, H-3"), 6.27 (dd, J = 6.0, 5.1 Hz, 1H, H-2°), 6.83 (d, J = 5.1
Hz, 1H, H-1), 7.43 — 7.53 (m, 6H, OBz), 7.60 — 7.70 (m, 3H, OBz), 7.85 — 7.88 (m, 2H, OBz), 7.93 —
8.01 (m, 4H, OBz), 8.27 (s, 1H, H-6), 9.90 (s, 1H, H-2). 3C NMR (75 MHz, DMSO-ds) &: 55.9 (C-5),
63.6 (C-5°), 70.7 (C-3"), 74.0 (C-2°), 79.5 (C-4), 86.7 (C-1°), 107.2 (C-4a), 128.2, 128.5, 128.8, 129.1,
129.2, 129.4, 130.6 (C-6), 133.6, 134.0, 134.02, 134.9 (C-2), 141.5 (C-7a), 146.0 (C-4), 164.4 (C=0),
164.7 (C=0), 165.4 (C=0). HRMS (ESI): calculated for CaHaalNsO; ([M+H]*): 731.0746, found:

731.0796.



4-amino-5-bromo-N7-(2°,3°,5°-tri-O-benzoyl-p-D-ribofuranosyl-pyrrolo[2,3-d]pyrimidine (36) 34
(0.52 g, 0.75 mmol) was dissolved in THF (7.5 mL, 10 mL / mmol). Then, PMes solution (1M in THF;
1.5 mL, 1.5 mmol, 2 eq.) was added and the mixture stirred at ambient temperature for 30 min. Next,
the solution was evaporated till dryness, and subsequently re-dissolved in MeCN (7.5 mL, 10
mL/mmol). To this solution was added a 1M agq. HOAc solution (2.5 mL, 3.33 eq.), and the mixture
heated in a pre-heated oil bath at 65 °C for 1 h. Next, the mixture was cooled to ambient temperature
and poured into sat. ag. NaHCOs solution. DCM was added, the layers were separated, and the water
layer extracted two more times with DCM. The organic layers were combined, dried over Na;SOu,
filtered and evaporated till dryness. Purification by column chromatography 62.5 % EA/Hex gave 36 as
a white foam (0.40 g, 0.61 mmol). Yield = 81 %. 'H NMR (300 MHz, CDCls) &: 4.67 (dd, J =12.3, 3.9
Hz, 1H, H-5""), 4.76 (q, J = 3.6 Hz, 1H, H-4"), 4.86 (dd, J = 12.3, 3.3 Hz, 1H, H-5"), 5.61 (br. s, 2H,
NH;), 6.07 —6.13 (m, 2H, H-2°, H-3"), 6.66 (d, J = 5.1 Hz, 1H, H-1°), 7.11 (s, 1H, H-6), 7.33 — 7.41 (m,
4H, OBz), 7.47 — 7.64 (m, 5H, OBz), 7.92 — 7.99 (m, 4H, OBz), 8.11 — 8.14 (m, 2H, OBz), 8.26 (s, 1H,
H-2). 3C NMR (75 MHz, CDCl3) &: 63.7 (C-5°), 71.6 (C-37), 74.2 (C-2"), 80.4 (C-2"), 86.1 (C-1), 89.3
(C-5), 102.8 (C-4a) 121.0 (C-6), 128.6, 128.7, 128.7, 128.9, 128.9, 129.6, 129.9, 129.99, 130.04, 133.6,
133.8, 150.7 (C-7a), 153.3 (C-2), 157.0 (C-4), 165.3 (C=0), 165.5 (C=0), 166.3 (C=0). HRMS (ESI):

calculated for C32H26BrN4O7 ([M+H]*): 657.0979, found: 657.0970.

4-amino-5-iodo-N7-(2°,3,5°-tri-O-benzoyl-g-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine (37) 37
was prepared according to the procedure as described for 36. 35 (2.10 g, 2.87 mmol) gave rise to 37 as
a slight yellow foam (1.89 g, 2.68 mmol) in 93 % yield. Column chromatography 62.5 % EA/Hex. 'H
NMR (300 MHz, CDCls) &: 4.67 (dd, J = 12.3, 3.9 Hz, 1H, H-5""), 4.74 — 4.78 (m, 1H, H-4"), 4.87 (dd,
J=12.0, 3.3 Hz, 1H, H-5"), 5.77 (br. s, 2H, NH), 6.09 — 6.14 (m, 2H, H-3’, H-2"), 6.66 (dd, J = 3.0,
1.8 Hz, 1H, H-1"), 7.20 (s, 1H, H-6), 7.33 — 7.40 (m, 4H, OBz), 7.47 — 7.64 (m, 5H, OBz), 7.92 — 7.99
(m, 4H, OBz), 8.14 — 8.15 (m, 2H, OBZ), 8.26 (s, 1H, H-2). 3C NMR (75 MHz, CDCls) &: 52.4 (C-5),
63.9 (C-5°), 71.6 (C-3°), 74.2 (C-2"), 80.4 (C-4"), 86.2 (C-1°), 104.7 (C-4a), 126.3 (C-6), 128.6, 128.6,

128.7,128.9, 129.5, 129.9, 129.95, 130.01, 133.6, 133.8, 150.8 (C-7a), 152.7 (C-2), 157.1 (C-4), 165.2



(C=0), 165.5 (C=0), 166.3 (C=0). HRMS (ESI): calculated for Cs;H2sIN4O7: 705.0841 ([M+H]"),

found: 705.0822.

4-amino-5-(1-methyl-1H-imidazol-5-yl)-N7-(2°,3°,5°-tri-O-benzoyl-B-D-ribofuranosyl)-

pyrrolo[2,3-d]pyrimidine (38) 38 was prepared according to General Procedure B. 36 (0.49 g, 0.75
mmol) and 1-methyl-5-(tributylstannyl)-1H-imidazole®’ (0.56 g, 0.46 mL, 1.5 mmol) gave rise to 38 as
a white foam (0.41 g, 0.62 mmol). Purification by column chromatography: 7.5 % MeOH/DCM. Yield
= 82 %. 'H NMR (300 MHz, CDCls) &: 3.37 (s, 3H, CHs), 4.65 (dd, J = 12.3, 3.6 Hz, 1H, H-5""), 4.78
(9, J = 3.6 Hz, 1H, H-4"), 4.92 (dd, J = 12.3, 3.3 Hz, 1H, H-5), 5.27 (br. s, 2H, NH>), 6.13 (dd, J = 6.0,
4.2 Hz, 1H, H-3"), 6.18 (t, J = 5.7 Hz, 1H, H-2"), 6.75 (d, J = 5.4 Hz, 1H, H-1"), 7.05 (s, 1H, H-4imiq),
7.08 (s, 1H, H-6), 7.33 — 7.42 (m, 6H, OBZ), 7.50 — 7.59 (4H (3+1), OBz (3H), H-2imia(1H)), 7.93 - 8.00
(m, 4H, OBz), 8.07 — 8.10 (m, 2H, OBZ), 8.30 (s, 1H, H-2). 3C NMR (75 MHz, CDCls) &: 31.9 (CHs),
63.8 (C-5°), 71.7 (C-3°), 74.1 (C-2"), 80.4 (C-4"), 86.1 (C-1°), 103.1, 104.0, 121.7 (C-6), 124.9 (C-5imia),
128.58, 128.62, 128.7, 128.9, 129.5, 129.60 (C-4imid), 129.67, 129.72, 129.9, 130.0, 133.5, 133.8, 139.3
(C-2imig), 151.3 (C-7a), 153.1 (C-2), 157.3 (C-4), 165.2 (C=0), 165.5 (C=0), 166.2 (C=0). HRMS

(ESI): calculated for CssH31NsO7 ([M+H]*): 659.2249, found: 659.2277.

4-amino-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-N7-(2°,3°,5’-tri-O-benzoyl-B-D-

ribofuranosyl-pyrrolo[2,3-d]pyrimidine (39) To a flame-dried 5 mL Schlenk tube, equipped with a
stir bar were added 37 (0.35 g, 0.50 mmol, 1 eq.), Bzpin; (0.19 g, 0.75 mmol, 1.5 eq.), KOAc (0.15 g,
1.5 mmol, 3 eg.) and PdCl.dppfDCM (0.021 g, 0.025 mmol, 0.05 eq.) under argon. Next, the flask was
evacuated and refilled with argon. This procedure was repeated three times, in total. Then, 2.5 mL (5
mL/mmol SM) anhydrous and degassed DMSO was added, under argon. The mixture was stirred at
ambient temperature for ~ 5 min after which it was heated to 100 °C in a pre-heated oil bath. After three
hours, the mixture was cooled to ambient temperature and poured into water/EA. The water layer was
extracted two more times with EA. The organic layers were combined, dried over Na,SO,, filtered and
evaporated till dryness. Purification by column chromatography 25 — 75 % EA/Hex gave 39 as an oil
(0.12 g, 0.18 mmol). Yield = 37 %. 'H NMR (300 MHz, CDCls) &: 1.33 (s, 12H, CHs), 4.70 (dd, J =

11.4,3.9 Hz, 1H, H-5""), 4.74 — 4.78 (m, 1H, H-4"), 479 — 4.84 (dd, J = 11.1, 3.0 Hz, 1H, H-5"), 6.12 —



6.21 (m, 3H, H-2°, H-3’, NH), 6.65 (d, J = 5.4 Hz, 1H, H-1°), 7.32 — 7.48 (m, 6H, OBz), 7.50 — 7.60 (m,
3H, OBz), 7.63 (s, 1H, H-6), 7.92 — 7.98 (m, 4H, OBz), 8.09 — 8.13 (m, 2H, OBZ), 8.28 (s, 1H, H-2).
HRMS (ESI): calculated for CssHssBN4Os ([M+H]*): 705.2726, found: 705.2742. [note: the NH. signal

did only integrate for 1H, instead of two]

4-azido-5-(pyridin-2-yI)-N7-(2°-3°-5’-tri-O-benzoyl-p-D-ribofuranosyl)-pyrrolo[3,2-d]pyrimidine

(40) 40 was prepared according to General Procedure C [reaction temperature = 60 °C]. 35 (0.73 g, 1.1
mmol) gave rise to 40 as a yellowish foam (0.35 g, 0.51 mmol). Column chromatography: 0 — 35 %
EA/PET. Yield =51 %. *H NMR (300 MHz, DMSO-d¢) 8: 4.77 (dd, J = 12.0, 5.10 Hz, 1H, H-5""), 4.87
(dd, J = 12.3, 3.6 Hz, 1H, H-5"), 4.94 — 4.99 (m, 1H, H-4"), 6.14 — 6.18 (m, 1H, H-3"), 6.39 (t, J = 6.0
Hz, 1H, H-2"), 6.98 (d, J = 5.4 Hz, 1H, H-1"), 7.36 (ddd, J = 7.5, 4.8, 0.9 Hz, 1H, H-5py), 7.40 — 7.53
(m, 6H, OBZ), 7.60 — 7.71 (m, 3H, OBz), 7.84 — 7.88 (m, 2H, OBz), 7.97 — 8.06 (m, 5H (4+1H), OBz,
H-4py:), 8.62 (ddd, J = 4.8, 2.1, 0.9 Hz, 1H, H-6py), 8.77 (s, 1H, H-6), 9.05 (dt, J = 7.8, 0.9 Hz, 1H, H-
3pyr), 9.98 (5, 1H, H-2). 3C NMR (75 MHz, DMSO-ds) 8: 63.6 (C-5"), 70.9 (C-3"), 73.9 (C-2°), 79.6 (C-
4%), 86.9 (C-1°), 100.7 (C-4a), 119.1 (C-5), 121.4 (C-3py), 122.3 (C-5pyr), 125.8 (C-6), 128.2, 128.6,
128.7,128.77,128.80, 129.1, 129.3, 129.3, 129.4, 133.5, 133.9, 134.0, 134.6 (C-2), 137.4 (C-4py), 141.9
(C-7a), 146.7 (C-4), 149.6 (C-6pyr), 150.6 (C-2pyr), 164.4 (C=0), 164.7 (C=0), 165.5 (C=0). HRMS

(ESI): calculated for Cs7H2sN7O7 ([M+H]*): 682.2045, found: 682.2097.

4-azido-5-(4-methyl-pyridin-2-yl)-N7-(2°,3°,5’-tri-O-benzoyl-g-D-ribofuranosyl)-pyrrolo[2,3-

d]pyrimidine (41) 41 was prepared according to General Procedure C [reaction temperature = 60 °C].
35 (0.51 g, 0.70 mmol) gave rise to 41 as a yellow foam (0.13 g, 0.19 mmol). Column chromatography:
0 — 10 % EA/Toluene. Yield = 27 %. 'H NMR (300 MHz, DMSO-ds) &: 2.48 (s, 1H, CHs), 4.77 (dd, J
=12.3,5.1 Hz, 1H, H-5""), 4.86 (dd, J = 12.3, 3.9 Hz, 1H, H-5°), 4.94 — 4.98 (m, 1H, H-4"), 6.16 (t,J =
5.7Hz, 1H, H-3), 6.39 (t, J = 6.0 Hz, 1H, H-2), 6.97 (d, J = 5.4 Hz, 1H, H-1"), 7.20 (d, J = 4.5 Hz, 1H,
H-5pyr), 7.40 — 7.53 (m, 6H, OBz), 7.60 — 7.70 (m, 3H, OBz), 7.84 — 7.87 (m, 2H, OBz), 7.94 — 8.03 (m,
4H, OBz), 8.47 (d, J = 4.8 Hz, 1H, H-6py), 8.75 (5, 1H, H-6), 8.89 (br. s, 1H, H-3py,), 9.98 (s, 1H, H-2).
13C NMR (75 MHz, DMSO-ds) &: 20.9 (CHs), 63.7 (C-5°), 70.9 (C-3’), 73.9 (C-2’), 79.6 (C-4), 86.9

(C-1°), 100.7 (C-4a), 119.2 (C-5), 122.2 (C-5pyr), 123.1 (C-3pyr), 125.9 (C-6), 128.2, 128.6, 128.72,



127.78, 128.8, 129.16, 129.28, 129.36, 129.42, 133.5, 133.95, 134.03, 134.5 (C-2), 141.9 (C-7a), 146.8
(C-4), 147.9 (C-4pyr), 149.3 (C-6pyr), 150.5 (C-2pyr), 164.5 (C=0), 164.7 (C=0), 165.5 (C=0). HRMS

(ESI): calculated for CssH3oN;O7 ([M+H]*): 696.2201, found: 696.2231.

4-azido-5-(4-methoxy-pyridin-2-yl)-N7-(2°,3°,5°-tri-O-benzoyl-N7-8-D-ribofuranosyl)-

pyrrolo[2,3-d]pyrimidine (42) 42 was prepared according to General Procedure C [reaction
temperature = 60 °C]. 35 (0.51 g, 0.70 mmol) gave rise to 42 as a yellow foam (0.080 g, 0.11 mmol).
Column chromatography: 0 — 10 % EA/Toluene. Yield = 16 %. *H NMR (300 MHz, DMSO-ds) §:
4.01 (s, 3H, OCHs), 4.77 (dd, J = 12.0, 5.1 Hz, 1H, H-5""), 4.86 (dd, J = 12.0, 3.6 Hz, 1H, H-5"), 4.94 —
4.98 (m, 1H, H-4"), 6.15 (dd, J = 6.3, 5.1 Hz, 1H, H-3"), 6.38 (t, J = 6.0 Hz, 1H, H-2"), 6.96 (dd, J = 5.7,
2.4 Hz, 1H, H-5py,), 6.97 (d, J = 5.1 Hz, 1H, H-1"), 7.40 — 7.53 (m, 6H, OBz), 7.60 — 7.71 (m, 3H, OB2),
7.84-7.95 (m, 2H, OBZ), 7.95 — 8.07 (m, 4H, OBz), 8.43 (d, J = 5.7 Hz, 1H, H-6py;), 8.77 (s, 1H, H-8),
8.80 (d, J = 2.7 Hz, 1H, H-3py:), 9.98 (s, 1H, H-2). 3C NMR (75 MHz, DMSO-de) 5: 55.6 (OCHs), 63.7
(C-5°), 70.9 (C-3°), 73.9 (C-2°), 86.9 (C-1"), 100.6 (C-4a), 108.0 (C-3py:), 108.2 (C-5pyr), 119.1 (C-5),
126.1 (C-6), 128.6, 128.72, 128.78, 128.81, 129.1, 129.27, 129.36, 129.40, 133.5, 133.9, 134.0, 134.6
(C-2), 141.9 (C-7a), 146.8 (C-4), 150.8 (C-6py), 152.0 (C-2py), 164.4 (C=0), 164.7 (C=0), 165.5

(C=0), 166.4 (C-4py)). HRMS (ESI): calculated for CssH3oN7Og ([M+H]*): 712.2150, found: 712.2186.

4-azido-5-(6-chloro-pyridin-2-yl)-N7-(2°,3°,5°-tri-O-benzoyl-p-D-ribofuranosyl)-pyrrolo[2,3-

d]pyrimidine (43) 43 was prepared according to General Procedure C [reaction temperature = 60 °C].
35 (0.51 g, 0.70 mmol) gave rise to 43 as a yellow foam (0.14 g, 0.20 mmol). Column chromatography:
0 — 20 % EA/PET. Yield = 29 %. *H NMR (300 MHz, DMSO-ds) &: 4.77 (dd, J = 12.0, 5.4 Hz, 1H,
H-5""), 4.88 (dd, J = 12.0, 3.6 Hz, 1H, H-5), 4.93 — 4.98 (m, 1H, H-4"), 6.16 (t, J = 6.0 Hz, 1H, H-3"),
6.42 (t, J = 6.0 Hz, 1H, H-2"), 6.98 (d, J = 5.4 Hz, 1H, H-1"), 7.40 — 7.52 (m, 6H, OBz), 7.44 (d, J =
7.8 Hz, 1H, H-5py,), 7.59 — 7.71 (m, 3H, OBz), 7.85 — 7.88 (m, 2H, OBz), 7.97 — 8.02 (m, 4H, OB2),
8.12 (t, J = 7.8 Hz, 1H, H-4py,), 8.78 (s, 1H, H-6), 9.08 (dd, J = 7.8, 0.6 Hz, 1H, H-3py,), 9.99 (s, 1H, H-

2). HRMS (ESI): calculated for Ca;H27CIN;O7 ([M+H]*): 716.1655, found: 716.1660.

4-azido-5-(5-chloro-pyridin-2-yl)-N7-(2°,3°,5°-tri-O-benzoy|-p-D-ribofuranosyl)-pyrrolo[2,3-

d]pyrimidine (44) 44 was prepared according to General Procedure C [reaction temperature = 60 °C].



35 (0.51 g, 0.70 mmol) gave rise to 44 as a yellow foam (0.15 g, 0.21 mmol). Column chromatography:
0 — 20 % EA/PET. Yield = 30 %. *H NMR (300 MHz, DMSO-ds) &: 4.87 (dd, J = 12.3, 3.9 Hz, 1H,
H-5"),4.76 (dd, J = 12.3, 5.1 Hz, 1H, H-5"), 4.94 — 4.99 (m, 1H, H-4"), 6.16 (dd, J = 6.0, 5.4 Hz, 1H,
H-3%), 6.39 (dd, J = 6.3, 5.4 Hz, 1H, H-2"), 6.97 (d, J = 5.1 Hz, 1H, H-1"), 7.40 — 7.54 (m, 6H, OB2),
7.60 —7.72 (m, 3H, OBz), 7.84 — 7.87 (m, 2H, OBz), 7.96 — 8.02 (m, 4H, OBz), 8.21 (dd, J = 8.4, 2.7
Hz, 1H, H-4py), 8.63 (dd, J = 2.7, 0.6 Hz, 1H, H-6py;), 8.77 (s, 1H, H-6), 9.09 (dd, J = 8.4, 0.6 Hz, 1H,
H-3py:), 10.00 (s, 1H, H-2). HRMS (ESI): calculated for Ca;H2CIN;O7 ([M+H]*): 716.1655, found:

716.1642.

4-azido-5-(4-chloro-pyridin-2-yl)-N7-(2°,3°,5°-tri-O-benzoyl-p-D-ribofuranosyl)-pyrrolo[2,3-

d]pyrimidine (45) 45 was prepared according to General Procedure C [reaction temperature = ambient
temperature]. 35 (0.51 g, 0.70 mmol) gave rise to 45 as an orange foam (0.12 g, 0.16 mmol). Column
chromatography: 0 — 35 % EA/PET. Yield = 23 %. *H NMR (300 MHz, DMSO-ds) 6: 4.76 (dd, J =
12.3,5.1 Hz, 1H, H-5""), 4.87 (dd, J = 12.3, 3.6 Hz, 1H, H-5°), 4.94 — 4.99 (m, 1H, H-4"), 6.16 (dd, J =
6.3, 5.1 Hz, 1H, H-3"), 6.39 (t, J = 5.7 Hz, 1H, H-2"), 6.98 (d, J = 5.1 Hz, 1H, H-17), 7.40 — 7.53 (m, 7H
(6+1), OBz, H-5py;), 7.60 — 7.70 (m, 3H, OBz), 7.71 — 7.88 (m, 2H, OBz), 7.96 — 8.03 (m, 4H, OB2),
8.59 (dd, J = 5.1, 0.6 Hz, 1H, H-6py), 8.82 (s, 1H, H-6), 9.23 (dd, J = 1.8, 0.6 Hz, 1H, H-3py,), 10.01 (s,
1H, H-2). *C NMR (75 MHz, DMSO-ds) 5: 63.6 (C-5°), 70.9 (C-3°), 73.9 (C-2°), 79.7 (C-4), 87.0 (C-
1”), 100.6, 117.8, 121.1 (C-3pyr), 122.2 (C-5pyr), 128.2 (C-6), 128.6, 128.70, 128.78, 128.81, 129.1,
129.27, 129.36, 129.40, 133.53, 133.94, 134.0, 134.8 (C-2), 142.0 (C-7a), 144.0 (C-4py;), 146.6 (C-4),
151.0 (C-6pyr), 152.3 (C-2py;), 164.4 (C=0), 164.7 (C=0), 165.5 (C=0). HRMS (ESI): calculated for

C37H27CIN7O7 ([M+H]"): 716.1655, found: 716.1661.

4-azido-5-(5-fluoro-pyridin-2-yl)-N7-(2°,3°,5°-tri-O-benzoyl-p-D-ribofuranosyl)-pyrrolo[2,3-

d]pyrimidine (46) 46 was prepared according to General Procedure C [reaction temperature = 60 °C].
35 (0.51 g, 0.70 mmol) gave rise to 46 as a yellow foam (0.15 g, 0.21 mmol). Column chromatography:
0 — 20 % EA/PET. Yield = 31 %. *H NMR (300 MHz, DMSO-d¢) &: 4.76 (dd, J = 12.0, 5.1 Hz, 1H,
H-5"), 4.87 (dd, J = 12.3, 3.9 Hz, 1H, H-5"), 4.94 — 4.99 (m, 1H, H-4"), 6.16 (t, J = 5.7 Hz, 1H, H-3"),

6.39 (t, = 5.7 Hz, 1H, H-2), 6.97 (d, J = 5.4 Hz, 1H, H-1"), 7.70 — 7.53 (m, 6H, OBz), 7.60 — 7.71 (m,



3H, OBz), 7.84 — 7.88 (m, 2H, OBz), 7.97 — 8.03 (m, 4H, OBz), 8.03 (dd, J = 5.4, 3.3 Hz, 1H), 8.60 (dt,
J=3.3,0.6 Hz, 1H), 8.70 (s, 1H, H-6), 9.10 (ddd, J = 9.0, 4.5, 0.6 Hz, 1H), 9.99 (s, 1H, H-2). F-NMR
(282 MHz, DMSO-ds) 5: -129.16 (dd, J = 8.5, 4.8 Hz). HRMS (ESI): calculated for CasHxFN7O-

([M+H]"): 700.1951, found: 700.1985.

4-azido-5-(quinolin-2-yl)-N7-(2°,3°,5°-tri-O-benzoyl-B-D-ribofuranosyl)-pyrrolo[2,3-d]pyrimidine
(47) 47 was prepared according to General Procedure C [reaction temperature = 60 °C]. 35 (0.51 g, 0.70
mmol) gave rise to 47 as a pink foam (0.15 g, 0.20 mmol). Column chromatography: 0 — 10 %
EA/Toluene. Yield = 29 %. *H NMR (300 MHz, DMSO-ds) 3: 4.80 (dd, J = 12.3, 5.4 Hz, 1H, H-5""),
4.90 (dd, J = 12.3, 3.6 Hz, 1H, H-5"), 4.97 —5.02 (m, 1H, H-4"), 6.20 (t, J = 5.7 Hz, 1H, H-3"), 6.45 (4,
J=6.0 Hz, 1H, H-2°), 7.04 (d, J = 5.1 Hz, 1H, H-1°), 7.40 — 7.53 (m, 6H, OBz), 7.57 — 7.72 (m, 4H
(3+1), OBz (3H), Houin), 7.75 — 7.80 (M, 1H, Houin), 7.86 — 7.89 (2H, m, OBz), 7.91 (d, J = 8.4 Hz, 1H,
Houin), 7.98 — 8.06 (M, 5H (4+1), OBz (4H), Houin), 8.59 (d, J = 8.7 Hz, 1H, H-4quin), 8.92 (s, 1H, H-6),
9.13 (d, J = 8.7 Hz, 1H, H-3quin), 10.00 (s, 1H, H-2). *C NMR (75 MHz, DMSO-ds) 5: 63.8 (C-5), 71.0
(C-3"), 74.0 (C-2°), 79.7 (C-4"), 87.1 (C-1°), 101.3 (C-4a), 119.2 (C-5), 120.3 (C-3quin), 125.3 (Cquin),
126.2 (Cauin), 126.7 (Cquin), 126.9 (C-6), 128.2 (Cquin), 128.6, 128.72, 128.76, 128.81, 128.89, 129.16,
129.28, 129.37, 129.4, 130.0 (Couin), 133.5, 133.95, 134.01, 134.6 (C-2), 137.2 (C-4ouin), 141.9 (C-7a),
146.8 (C-4), 147.6 (C-8aquin), 151.0 (C-20uin), 164.5 (C=0), 164.7 (C=0), 165.5 (C=0). HRMS (ESI):

calculated for C41H30N7O7 ([M+H]¥): 732.2201, found: 732.2239.

4-azido-5-(isoquinolin-3-yl)-N7-(2°,3°,5’-tri-O-benzoyl-B-D-ribofuranosyl)-pyrrolo[2,3-

d]pyrimidine (48) 48 was prepared according to General Procedure C [reaction temperature = 60 °C].
35 (0.51 g, 0.70 mmol) gave rise to 48 as a white foam (0.18 g, 0.24 mmol). Column chromatography:
0 — 5 % EA/DCM. Yield = 34 %. 'H NMR (300 MHz, DMSO-ds) &: 4.79 (dd, J = 12.0, 5.1 Hz, 1H,
H-5°"), 4.88 (dd, J = 12.0, 3.6 Hz, 1H, H-5"), 4.96 — 5.00 (m, 1H, H-4"), 6.18 (dd, J = 6.0, 5.4 Hz, 1H,
H-3%), 6.43 (t, J = 6.0 Hz, 1H, H-2"), 7.01 (d, J = 5.4 Hz, 1H, H-1"), 7.40 — 7.54 (m, 6H, OBz), 7.60 —
7.71 (m, 4H (3+1), OBz (3H), H-Tisoq (1H)), 7.72 — 7.88 (m, 3H (2+1), OBz (2H), H-61s0q (1H)), 7.80 —
8.08 (M, 5H (4+1), OBz (4H), H-51s6q (1H)), 8.18 (d, J = 8.4 Hz, 1H, H-8is0q), 8.87 (5, 1H, H-6), 9.36 (s,

1H, H-Lisog), 9.51 (S, 1H, H-41s0q), 10.01 (s, 1H, H-2). 13C NMR (75 MHz, DMSO-ds) &: 63.7 (C-5°),



70.9 (C-3°), 73.9 (C-2°), 79.6 (C-4"), 86.9 (C-1°), 100.6 (C-4a), 116.7 (C-4iso), 119.5 (C-5), 125.9 (C-
6), 126.8 (C-5is00), 127.2 (C-Tisoq // C-8aisoq), 127.3 (C-Tisoq // C-8aisog), 127.9 (C-61s0q), 128.2, 128.6,
128.7, 128.76, 128.81, 129.18, 129.28, 129.36, 129.42, 131.2 (C-61s0q), 133.5, 133.95, 134.01, 134.6 (C-
2), 136.1 (C-4isoq), 142.1 (C-7a), 144.4 (C-3is0q), 146.9 (C-4), 152.5 (C-Lisog), 164.5 (C=0), 164.7 (C=0),

165.5 (C=0). HRMS (ESI): calculated for C41H3oN;O7 ([M+H]*): 732.2201, found: 732.2200.

4-azido-5-(isoquinolin-1-y1)-N7-(2°,3°,5°-tri-O-benzoyl-g-D-ribofuranosyl)-pyrrolo[ 2,3-

d]pyrimidine (49) 49 was prepared according to General Procedure C [reaction temperature = 60 °C].
35 (0.51 g, 0.70 mmol) gave rise to 49 as a yellow foam (0.14 g, 0.18 mmol). Column chromatography:
0 — 20 % EA/Toluene. Yield = 26 %. *H NMR (300 MHz, DMSO-dg) &: 4.75 (dd, J = 12.3, 5.4 Hz,
1H, H-5°"), 4.87 (dd, J = 12.3, 3.9 Hz, 1H, H-5"), 4.96 — 5.00 (m, 1H, H-4"), 6.21 (t, J = 5.7 Hz, 1H, H-
3%), 6.45 (dd, J = 6.0, 5.1 Hz, 1H, H-2"), 7.01 (d, J = 5.1 Hz, 1H, H-1°), 7.33 — 7.38 (m, 2H, OBz), 7.43
— 756 (m, 6H (5+1), OBz (5H), Hisoq), 7.62 — 7.71 (m, 2H, OBz), 7.82 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H,
Hisoq), 7.90 — 7.99 (m, 7H (6+1), OBz (6H), H-4is0q), 8.05 (dd, J = 8.4, 0.6 Hz, 1H, Hisog), 8.10 (d, J =
8.4 Hz, 1H, Hisog), 8.45 (5, 1H, H-6), 8.63 (d, J = 5.7 Hz, 1H, H-31s0q), 9.99 (s, 1H, H-2). HRMS (ESI):

calculated for C41H30N7O7 ([M+H]¥): 732.2201, found: 732.2220.

Biology
Strains and cultures of Trypanosoma brucei brucei and T. brucei rhodesiense

The following clonal strains of T. b. brucei were cultured at the University of Glasgow, all as long-
slender bloodstream trypomastigotes only: Lister 427 (wild-type); TbAT1-KO, derived from 427WT by
genetic deletion of the ThAT1 gene;> B48, derived from TbAT1-KO by in vitro exposure to increasing
concentrations of pentamidine;* and ISMR1, derived from 427WT by increasing exposure to
isometamidium in vitro.” Bloodstream forms of savannah-type T. congolense strain 1L3000 were
cultured exactly as described before.” At the University of Antwerp, T. brucei Squib 427 (suramin-
sensitive) and T. b. rhodesiense STIB-900 were used for the in vitro susceptibility tests. All trypanosome
strains were cultured in the standard HMI-9 medium supplemented with 10% fetal bovine serum (FBS)

at 37 °C in a 5% CO; atmosphere, exactly as described before.™*



Drug susceptibility tests
Trypanosoma brucei

Drug susceptibility tests with Lister 427WT, TbAT1-KO, B48 and ISMR1 were performed exactly as
described previously,” using an assay based on the viability indicator dye resazurin (Alamar blue) in
96-well plates, each well containing 2x10* cells. The plates were incubated for 48 h with a doubling
dilution series of the test compounds in HMI-9/FBS at 37 °C/5% CO; (23 dilutions starting at 100 pM,
except for the pentamidine control (50 uM)), after which resazurin was added to each well and the plates
incubated for another 24 h. Fluorescence was determined using a FLUOstar Optima (BMG Labtech,
Durham, NC) and the results fitted to a sigmoid curve with variable slope using Prism 5.0 (GraphPad,

San Diego, Ca).

Susceptibility assays with T. brucei Squib 427 or T. b. rhodesiense STIB-900 were performed under
similar conditions as above but using 10 concentrations of a 4-fold compound dilution series starting at
64 UM. T. brucei Squib 427 was seeded at 1.5x10* parasites/well and T. b. rhodesiense at 4x10°

parasites/well, followed by addition of resazurin after 24 hours (T. brucei) or 6 hours (T. b. rhodesiense).
Trypanosoma congolense

The resazurin assay was performed exactly as for T. b. brucei at the University of Glasgow, the only
difference being the use of 5x10* bloodstream forms for T. congolense instead of 2x10* for T. brucei,

as described,! due to their slower growth rate in culture.

Trypanosoma cruzi

Drug activity against T. cruzi was tested with the nifurtimox-sensitive Tulahuen CL2 B galactosidase
strain.”” This strain was maintained on MRC-5sv, (human lung fibroblast) cells in MEM medium,
supplemented with 200 mM L-glutamine, 16.5 mM NaHCOs3 and 5% inactivated fetal calf serum. All
cultures and assays were conducted at 37 °C/5% CO.. Assays were with 4x10® MRC-5 cells/well and
4x10* parasites/well. Impact of test compound dilution series (10 concentrations of a 4-fold compound
dilution series starting at 64 uM) on parasite growth was analyzed after 7 days incubation by adding the

substrate chlorophenolred B-D-galactopyranoside. The change in color was measured



spectrophotometrically at 540 nm after 4 hours incubation at 37 °C. The results were expressed as %

reduction in parasite burdens compared to control wells from which an ECs, was calculated.

Leishmania infantum

L. infantum [MHOM/MA(BE)/67] was used for the drug susceptibility assays as described previously.™
This strain was maintained in golden Syrian hamsters and amastigotes were collected from the spleen
of an infected donor hamster. Splenic amastigotes were used for infection of primary peritoneal mouse
macrophages from Swiss mice after a 2-day peritoneal stimulation with a 2 % potato starch suspension.
The macrophages were infected after 48 hours of adherence. The compound dilution series (10
concentrations of a 4-fold compound dilution series starting at 64 uM) were added after 2 hours of
infection. Assays were performed in 96-well microtiter plates with 3x10* macrophages and 4.5x10°
parasites/well in RPMI-1640 medium supplemented with 200 mM L-glutamine, 16.5 mM NaHCO; and
5% inactivated fetal calf serum. All cultures and assays were conducted at 37 °C/5% CO.. After 5 days
incubation, parasite burdens (mean number of amastigotes/macrophage) were microscopically assessed
after staining the cells with a 10% Giemsa solution. The results were expressed as % reduction in parasite

burden compared to untreated control wells from which an ECso was calculated.

Cytotoxicity on MRC-5 fibroblasts

Drug cytotoxicity assays were performed in MRC-5sy, human embryonic lung fibroblasts that were
cultured in Minimum Essential Medium with Earle’s salts-medium, supplemented with L-glutamine,
NaHCO; and 5% inactivated fetal calf serum. All cultures and assays were conducted at 37 °C with 5%
COsz. 10 pl of the compound dilutions in water were added to 190 pl of MRC-5 sv2 (3 x 10* cells/ml).
Cell growth was compared to untreated-control wells (100% cell growth) and medium-control wells
(0% cell growth). After 3 days incubation, cell viability was assessed fluorimetrically after addition of
50 ul resazurin per well. After 4 h at 37 °C, fluorescence was measured (Aex 550 nm, Aem 590 nm). The
results were expressed as percentage reduction in cell growth / viability compared to control wells and

an ECsp was determined. Tamoxifen was used as reference compound (data not shown).



Transport assays

Transport via P1 was measured using B48 cells, which lack the P2 transport system*’, whereas the
transport via P2 was assessed in B48 cells transfected with ThAT1/P2 gene (B48 + ThAT1)® for a
constant, high level of expression, in presence of 100 uM of inosine to block P1 transporter. The
transport of [®H]-Adenosine (40 Ci/mmol; American Radiolabeled Chemicals, St Louis, MO) was
measured using a previously described uptake protocol.?* 7 1x107 cells were incubated with 100 nM
[®H]-Adenosine in assay buffer™ for 60 seconds and rapid termination by addition of ice-cold 2 mM
adenosine followed by immediate centrifugation through an oil layer for one minute at maximum speed.
The incubation times used were well within the linear phase of uptake.® Inhibition constants (K;) were
calculated from 50% inhibition values (ICso) calculated from non-linear regression (sigmoid curve with
variable slope; GraphPad 5.0) and the Cheng-Prusoff equation, as described.” The Gibbs Free Energy
was calculated from AG® = -RTIn(K) as described,* in which R is the gas constant and T the absolute

temperature.

Microsomal stability assays

Mouse, rat and pooled human liver microsomes were purchased from a commercial source (Corning)
and stored at -80 °C. NADPH generating system solutions A and B and UGT reaction mix solutions A
and B (Corning) were kept at -20 °C. The test compound and the reference compounds diclofenac (MW
296.15) and fluconazole (MW 306.27) were formulated in DMSO at 10 mM. The microsomal stability
assay was carried out based on the BD Biosciences Guidelines for Use (TFO00017 Rev1.0) with minor
adaptations. The metabolic stability of the compounds was studied through the CYPasso superfamily
(Phase | metabolism) by fortification with reduced nicotinamide adenine dinucleotide phosphate
(NADPH) and through uridine glucuronosyl-transferase (UGT) enzymes (Phase Il metabolism) by
fortification with uridine diphosphate glucuronic acid (UDPGA). For the CYPa4so and other NADPH
dependent enzymes, both compounds were incubated at 5 pM together with 0.5 mg/mL liver

microsomes in potassium phosphate buffer in a reaction started by the addition of 1 mM NADPH and



stopped at 0, 15, 30 and 60 minutes. At these time points, 20 pl was withdrawn from the reaction mixture
and 80 pul cold acetonitrile (ACN), containing the internal standard tolbutamide, was added to inactivate
the enzymes and precipitate the proteins. The mixture was vortexed for 30 s and centrifuged at 4 °C for
5 min at 15,000 rpm. The supernatant was stored at -80 °C until analysis. For the UGT enzymes, both
compounds were incubated at 5 pM together with 0.5 mg/mL liver microsomes in a reaction started by
the addition of 2 mM UDPGA cofactor. The corresponding loss of parent compound was determined
using liquid chromatography (UPLC) (Waters Aquity™) coupled with tandem quadrupole mass
spectrometry (MS?) (Waters Xevo™), equipped with an electrospray ionization (ESI) interface and

operated in multiple reaction monitoring (MRM) mode.

Ancillary information
Supporting information

Copies of *H, 3C and °F NMR spectra of compounds 5, 7-26, 28-30 can be found in the Supporting

Information, as well as single crystal X-ray diffraction data of 13.

Author information

Corresponding author:

* Serge Van Calenbergh:

Tel: +32 (0)9 264 81 24. Fax: +32 (0)9 264 81 46. E-mail: serge.vancalenbergh@ugent.be

Orcid

Fabian Hulpia: 0000-0002-7470-3484

Kristof Van Hecke: 0000-0002-2455-8856

Harry P. de Koning: 0000-0002-9963-1827

Guy Caljon: 0000-0002-4870-3202



Serge Van Calenbergh: 0000-0002-4201-1264

Acknowledgements

F.H. is indebted to the FWO-Flanders for a PhD-scholarship. G.D.C. also thanks Science Without
Borders for his scholarship (206385/2014-5, CNPq, Brazil). M.S. thanks the University of Camerino,
International School of Advanced Studies and an Erasmus Plus fellowship for funding. K\VH thanks the
Hercules Foundation (project AUGE/11/029 “3D-SPACE: 3D Structural Platform Aiming for Chemical
Excellence”) and the Special Research Fund (BOF) — UGent for funding. G.C. is supported by a research
fund of the University of Antwerp (TT-ZAPBOF 33049). The present work has been funded by the
FWO (GC, LM, SVC,; project number G013118N). The authors would like to thank Margot Desmet,
Anne-Marie Donachie, Pim-Bart Feijens, lzet Karalic, An Matheeussen and Natascha Van Pelt for

excellent technical assistance.

Abbreviations used:

B.piny, bis(pinacolato)diboron; dba, dibenzylidene-acetone; EA, ethyl acetate, HAT, Human African
Trypanosomiasis; SM, starting material, TPPTS, trisodium 3-bis(3-
sulfonatophenyl)phosphanylbenzenesulfonate; RuPhos, 2-dicyclohexylphosphino-2’,6'-

diisopropoxybiphenyl.

References

1. Field, M. C.; Horn, D.; Fairlamb, A. H.; Ferguson, M. A.; Gray, D. W.; Read, K. D.; De Rycker,
M.; Torrie, L. S.; Wyatt, P. G.; Wyllie, S.; Gilbert, I. H., Anti-trypanosomatid Drug Discovery: an
Ongoing Challenge and a Continuing Need. Nat. Rev. Microbiol. 2017, 15 (4), 217-231.

2. Pyana Pati, P.; Van Reet, N.; Mumba Ngoyi, D.; Ngay Lukusa, I.; Karhemere Bin Shamamba,

S.; Buscher, P., Melarsoprol Sensitivity Profile of Trypanosoma brucei gambiense Isolates from Cured



and Relapsed Sleeping Sickness Patients from the Democratic Republic of the Congo. PLoS Neglected
Trop. Dis. 2014, 8 (10), e3212.

3. Mesu, V.; Kalonji, W. M.; Bardonneau, C.; Mordt, O. V.; Blesson, S.; Simon, F.; Delhomme,
S.; Bernhard, S.; Kuziena, W.; Lubaki, J. F.; Vuvy, S. L.; Ngima, P. N.; Mbembo, H. M.; llunga, M.;
Bonama, A. K.; Heradi, J. A.; Solomo, J. L. L.; Mandula, G.; Badibabi, L. K.; Dama, F. R.; Lukula, P.
K.; Tete, D. N.; Lumbala, C.; Scherrer, B.; Strub-Wourgaft, N.; Tarral, A., Oral Fexinidazole for Late-
stage African Trypanosoma brucei gambiense Trypanosomiasis: a Pivotal Multicentre, Randomised,
Non-Inferiority Trial. Lancet 2018, 391 (10116), 144-154.

4, Pollastri, M. P., Fexinidazole: A New Drug for African Sleeping Sickness on the Horizon.
Trends Parasitol. 2018, 34 (3), 178-179.

5. Brun, R.; Don, R.; Jacobs, R. T.; Wang, M. Z.; Barrett, M. P., Development of Novel Drugs for
Human African Trypanosomiasis. Future Microbiology 2011, 6 (6), 677-691.

6. Ferrins, L.; Rahmani, R.; Baell, J. B., Drug Discovery and Human African Trypanosomiasis: a
Disease Less Neglected? Future Med. Chem. 2013, 5 (15), 1801-1841.

7. Wyllie, S.; Foth, B. J.; Kelner, A.; Sokolova, A. Y.; Berriman, M.; Fairlamb, A. H.,,
Nitroheterocyclic drug resistance mechanisms in Trypanosoma brucei. J. Antimicrob. Chemother. 2016,
71 (3), 625-634.

8. Russell, S.; Rahmani, R.; Jones, A. J.; Newson, H. L.; Neilde, K.; Catillo, I.; Rahmani Khajouei,
M.; Ferrins, L.; Qureishi, S.; Nguyen, N.; Martinez-Martinez, M. S.; Weaver, D. F.; Kaiser, M.; Riley,
J.; Thomas, J.; De Rycker, M.; Read, K. D.; Flematti, G. R.; Ryan, E.; Tanghe, S.; Rodriguez, A.;
Charman, S. A.; Kessler, A.; Avery, V. M.; Baell, J. B.; Piggott, M. J., Hit-to-Lead Optimization of a
Novel Class of Potent, Broad-Spectrum Trypanosomacides. J. Med. Chem. 2016, 59 (21), 9686-9720.
9. Khare, S.; Nagle, A. S.; Biggart, A.; Lai, Y. H.; Liang, F.; Davis, L. C.; Barnes, S. W.; Mathison,
C. J.; Myburgh, E.; Gao, M. Y.; Gillespie, J. R.; Liu, X.; Tan, J. L.; Stinson, M.; Rivera, I. C.; Ballard,
J.; Yeh, V.; Groessl, T.; Federe, G.; Koh, H. X.; Venable, J. D.; Bursulaya, B.; Shapiro, M.; Mishra, P.
K.; Spraggon, G.; Brock, A.; Mottram, J. C.; Buckner, F. S.; Rao, S. P.; Wen, B. G.; Walker, J. R,;
Tuntland, T.; Molteni, V.; Glynne, R. J.; Supek, F., Proteasome Inhibition for Treatment of

Leishmaniasis, Chagas Disease and Sleeping Sickness. Nature 2016, 537 (7619), 229-233.



10. Patrick, D. A.; Gillespie, J. R.; McQueen, J.; Hulverson, M. A.; Ranade, R. M.; Creason, S. A.;
Herbst, Z. M.; Gelb, M. H.; Buckner, F. S.; Tidwell, R. R., Urea Derivatives of 2-Aryl-benzothiazol-5-
amines: A New Class of Potential Drugs for Human African Trypanosomiasis. J. Med. Chem. 2017, 60
(3), 957-971.

11. Fueyo Gonzalez, F. J.; Ebiloma, G. U.; lzquierdo Garcia, C.; Bruggeman, V.; Sanchez
Villamanan, J. M.; Donachie, A.; Balogun, E. O.; Inaoka, D. K.; Shiba, T.; Harada, S.; Kita, K.; de
Koning, H. P.; Dardonville, C., Conjugates of 2,4-Dihydroxybenzoate and Salicylhydroxamate and
Lipocations Display Potent Antiparasite Effects by Efficiently Targeting the Trypanosoma brucei and
Trypanosoma congolense Mitochondrion. J. Med. Chem. 2017, 60 (4), 1509-1522.

12. Berninger, M.; Schmidt, 1.; Ponte-Sucre, A.; Holzgrabe, U., Novel Lead
Compounds in Pre-clinical Development Against African Sleeping Sickness. MedChemComm 2017, 8
(10), 1872-1890.

13. Jordheim, L. P.; Durantel, D.; Zoulim, F.; Dumontet, C., Advances in the Development of
Nucleoside and Nucleotide Analogues for Cancer and Viral Diseases. Nat. Rev. Drug Discov. 2013, 12
(6), 447-464.

14. Shelton, J.; Lu, X.; Hollenbaugh, J. A.; Cho, J. H.; Amblard, F.; Schinazi, R. F., Metabolism,
Biochemical Actions, and Chemical Synthesis of Anticancer Nucleosides, Nucleotides, and Base
Analogs. Chem. Rev. 2016, 116 (23), 14379-14455.

15. Kennedy, K. J.; Bressi, J. C.; Gelb, M. H., A Disubstituted NAD+ Analogue is a Nanomolar
Inhibitor of Trypanosomal Glyceraldehyde-3-phosphate Dehydrogenase. Bioorg. Med. Chem. Lett.
2001, 11 (2), 95-98.

16. Miles, R. W.; Tyler, P. C.; Evans, G. B.; Furneaux, R. H.; Parkin, D. W.; Schramm, V. L.,
Iminoribitol Transition State Analogue Inhibitors of Protozoan Nucleoside Hydrolases. Biochemistry
1999, 38 (40), 13147-13154.

17. Berg, M.; Kohl, L.; Van der Veken, P.; Joossens, J.; Al-Salabi, M. I.; Castagna, V.; Giannese,
F.; Cos, P.; Versées, W.; Steyaert, J.; Grellier, P.; Haemers, A.; Degano, M.; Maes, L.; de Koning, H.
P.; Augustyns, K., Evaluation of Nucleoside Hydrolase Inhibitors for Treatment of African

Trypanosomiasis. Antimicrob. Agents Chemother. 2010, 54 (5), 1900-1908.



18. Tran, H. A.; Zheng, Z.; Wen, X.; Manivannan, S.; Pastor, A.; Kaiser, M.; Brun, R.; Snyder, F.
F.; Back, T. G., Synthesis and Activity of Nucleoside-based Antiprotozoan Compounds. Bioorg. Med.
Chem. 2017, 25 (7), 2091-2104.

19. Vodnala, S. K.; Lundbéack, T.; Yeheskieli, E.; Sjoberg, B.; Gustavsson, A.-L.; Svensson, R.;
Olivera, G. C.; Eze, A. A.; de Koning, H. P.; Hammarstrom, L. G. J.; Rottenberg, M. E., Structure—
Activity Relationships of Synthetic Cordycepin Analogues as Experimental Therapeutics for African
Trypanosomiasis. J. Med. Chem. 2013, 56 (24), 9861-9873.

20. Vodnala, S. K.; Ferella, M.; Lundén-Miguel, H.; Betha, E.; van Reet, N.; Amin, D. N.; Oberg,
B.; Andersson, B.; Kristensson, K.; Wigzell, H.; Rottenberg, M. E., Preclinical Assessment of the
Treatment of Second-Stage African Trypanosomiasis with Cordycepin and Deoxycoformycin. PLoS
Neglected Trop. Dis. 2009, 3 (8), e495.

21. Ranjbarian, F.; Vodnala, M.; Alzahrani, K. J. H.; Ebiloma, G. U.; de Koning, H. P.; Hofer, A.,
9-(2'-Deoxy-2'-Fluoro-p-D-Arabinofuranosyl) Adenine Is a Potent Antitrypanosomal Adenosine
Analogue That Circumvents Transport-Related Drug Resistance. Antimicrob. Agents Chemother. 2017,
61 (6), €02719.

22. Berg, M.; Van der Veken, P.; Goeminne, A.; Haemers, A.; Augustyns, K., Inhibitors of the
Purine Salvage Pathway: A Valuable Approach for Antiprotozoal Chemotherapy? Curr. Med. Chem.
2010, 17 (23), 2456-2481.

23. Drew, M. E.; Morris, J. C.; Wang, Z.; Wells, L.; Sanchez, M.; Landfear, S. M.; Englund, P. T.,
The Adenosine Analog Tubercidin Inhibits Glycolysis in Trypanosoma brucei as Revealed by an RNA
Interference Library. J. Biol. Chem. 2003, 278 (47), 46596-46600.

24, Luscher, A.; Onal, P.; Schweingruber, A. M.; Maser, P., Adenosine Kinase of Trypanosoma
brucei and its Role in Susceptibility to Adenosine Antimetabolites. Antimicrob. Agents Chemother.
2007, 51 (11), 3895-3901.

25. Acs, G.; Reich, E.; Mori, M., Biological and Biochemical Properties of the Analogue Antibiotic

Tubercidin. Proc. Natl. Acad. Sci. U.S.A. 1964, 52 (2), 493-501.



26. Bergstrom, D. E.; Brattesani, A. J.; Ogawa, M. K.; Reddy, P. A.; Schweickert, M. J.; Balzarini,
J.; De Clercq, E., Antiviral Activity of C-5 Substituted Tubercidin Analogs. J. Med. Chem. 1984, 27 (3),
285-292.

27. Bloch, A., The Structures of Nucleosides in Relation to their Biological and Biochemical
Activity: A Summary. Ann. N. Y. Acad. Sci. 1975, 255 (1), 576-596.

28. Snasel, J.; Naus, P.; Dostal, J.; Hnizda, A.; Fanftlik, J.; Brynda, J.; Bourderioux, A.; Dusek, M.;
Dvorakova, H.; Stolafikova, J.; Zabranska, H.; Pohl, R.; Kone¢ny, P.; DZubak, P.; Votruba, I.; Hajduch,
M.; Rezacova, P.; Veverka, V.; Hocek, M.; Pichova, L, Structural Basis for Inhibition of Mycobacterial
and Human Adenosine Kinase by 7-Substituted 7-(Het)aryl-7-deazaadenine Ribonucleosides. J. Med.
Chem. 2014, 57 (20), 8268-8279.

29. Bourderioux, A.; Naus, P.; Perlikova, P.; Pohl, R.; Pichova, |.; Votruba, |.; Dzubak, P.;
Konecny, P.; Hajduch, M.; Stray, K. M.; Wang, T.; Ray, A. S.; Feng, J. Y.; Birkus, G.; Cihlar, T.; Hocek,
M., Synthesis and Significant Cytostatic Activity of 7-Hetaryl-7-deazaadenosines. J. Med. Chem. 2011,
54 (15), 5498-5507.

30. Seela, F.; Ming, X., 7-Functionalized 7-Deazapurine B-D and B-L-Ribonucleosides Related to
Tubercidin and 7-Deazainosine: Glycosylation of Pyrrolo[2,3-d]pyrimidines with 1-O-Acetyl-2,3,5-tri-
O-benzoyl-B-D or B-L-ribofuranose. Tetrahedron 2007, 63 (39), 9850-9861.

31. Hulpia, F.; Van Hecke, K.; Franca da Silva, C.; da Gama Jaen Batista, D.; Maes, L.; Caljon, G.;
de Nazare, C. S. M.; Van Calenbergh, S., Discovery of Novel 7-Aryl 7-Deazapurine 3'-Deoxy-
ribofuranosyl Nucleosides with Potent Activity against Trypanosoma cruzi. J Med Chem 2018, 61 (20),
9287-9300.

32. Kudo, N.; Perseghini, M.; Fu, G. C., A Versatile Method for Suzuki Cross-Coupling Reactions
of Nitrogen Heterocycles. Angew. Chem., Int. Ed. Engl. 2006, 45 (8), 1282-1284.

33. Dick, G. R.; Woerly, E. M.; Burke, M. D., A General Solution for the 2-Pyridyl Problem. Angew.
Chem., Int. Ed. Engl. 2012, 51 (11), 2667-2672.

34, Diederichsen, U.; Schmitt, H. W., B-Homoalanyl-PNA: A Special Case of B-Peptides with f3-
Sheet-Like Backbone Conformation; Organization in Higher Ordered Structures. Eur. J. Org. Chem.

1998, (5), 827-835.



35. Yu, W.; Chory, E. J.; Wernimont, A. K.; Tempel, W.; Scopton, A.; Federation, A.; Marineau, J.
J.; Qi, J.; Barsyte-Lovejoy, D.; Yi, J.; Marcellus, R.; lacob, R. E.; Engen, J. R.; Griffin, C.; Aman, A.;
Wienholds, E.; Li, F.; Pineda, J.; Estiu, G.; Shatseva, T.; Hajian, T.; Al-awar, R.; Dick, J. E.; Vedadi,
M.; Brown, P. J.; Arrowsmith, C. H.; Bradner, J. E.; Schapira, M., Catalytic Site Remodelling of the
DOT1L Methyltransferase by Selective Inhibitors. Nat. Comm. 2012, 3, 1288.

36. Campeau, L.-C.; O’Shea, P. D., Chemoselective Staudinger Strategy in the Practical, Fit for
Purpose, Gram-Scale Synthesis of an HCV RNA Polymerase Inhibitor. Synlett 2011, 2011 (01), 57-60.
37. Ragan, J. A.; Raggon, J. W.; Hill, P. D.; Jones, B. P.; McDermott, R. E.; Munchhof, M. J.; Marx,
M. A.; Casavant, J. M.; Cooper, B. A.; Doty, J. L.; Lu, Y., Cross-Coupling Methods for the Large-Scale
Preparation of an Imidazole—Thienopyridine: Synthesis of [2-(3-Methyl-3H-imidazol-4-yl)- thieno[3,2-
b]pyridin-7-yl]-(2-methyl-1H-indol-5-yl)-amine. Org. Process. Res. Dev. 2003, 7 (5), 676-683.

38. Kunz, P. C.; Thiel, I.; Noffke, A. L.; Reil3, G. J.; Mohr, F.; Spingler, B., Ruthenium Piano-Stool
Complexes Bearing Imidazole-Based PN Ligands. J. Organomet. Chem. 2012, 697 (1), 33-40.

39. Nicolaou, K. C.; Pratt, B. A.; Arseniyadis, S.; Wartmann, M.; O'Brate, A.; Giannakakou, P.,
Molecular Design and Chemical Synthesis of a Highly Potent Epothilone. ChemMedChem 2006, 1 (1),
41-44.

40. Wranne, M. S.; Fuchtbauer, A. F.; Dumat, B.; Bood, M.; El-Sagheer, A. H.; Brown, T.; Graden,
H.; Grotli, M.; Wilhelmsson, L. M., Toward Complete Sequence Flexibility of Nucleic Acid Base
Analogue FRET. J. Am. Chem. Soc. 2017, 139 (27), 9271-9280.

41. Dumat, B.; Bood, M.; Wranne, M. S.; Lawson, C. P.; Larsen, A. F.; Preus, S.; Streling, J.;
Graden, H.; Wellner, E.; Grotli, M.; Wilhelmsson, L. M., Second-Generation Fluorescent Quadracyclic
Adenine Analogues: Environment-Responsive Probes with Enhanced Brightness. Chem. - Eur. J. 2015,
21 (10), 4039-4048.

42. Stevenson, T. M.; Prasad, A. S. B.; Citineni, J. R.; Knochel, P., Preparation of Zinc
Organometallics Derived from Nucleosides and Nucleic Acid Bases and Pd(0) Catalyzed Coupling with

Aryl lodides. Tetrahedron Lett. 1996, 37 (46), 8375-8378.



43. Brickl, T.; Thoma, I.; Wagner, A. J.; Knochel, P.; Carell, T., Efficient Synthesis of
Deazaguanosine-Derived tRNA Nucleosides PreQO, PreQ1, and Archaeosine Using the Turbo-Grignard
Method. Eur. J. Org. Chem. 2010, (34), 6517-65109.

44, Naus, P.; Caletkova, O.; Kone¢ny, P.; Dzubédk, P.; Bogdanova, K.; Kolat, M.; Vrbkova, J.;
Slavétinska, L.; Tloust’ova, E.; Perlikova, P.; Hajdich, M.; Hocek, M., Synthesis, Cytostatic,
Antimicrobial, and Anti-HCV Activity of 6-Substituted 7-(Het)aryl-7-deazapurine Ribonucleosides. J.
Med. Chem. 2014, 57 (3), 1097-1110.

45, Milne, J. E.; Buchwald, S. L., An Extremely Active Catalyst for the Negishi Cross-Coupling
Reaction. J. Am. Chem. Soc. 2004, 126 (40), 13028-13032.

46. Meanwell, N. A., Synopsis of Some Recent Tactical Application of Bioisosteres in Drug Design.
J. Med. Chem. 2011, 54 (8), 2529-2591.

47. Jansma, A.; Zhang, Q.; Li, B.; Ding, Q.; Uno, T.; Bursulaya, B.; Liu, Y.; Furet, P.; Gray, N. S.;
Geierstanger, B. H., Verification of a Designed Intramolecular Hydrogen Bond in a Drug Scaffold by
Nuclear Magnetic Resonance Spectroscopy. J. Med. Chem. 2007, 50 (24), 5875-5877.

48. Di Francesco, M. E.; Avolio, S.; Pompei, M.; Pesci, S.; Monteagudo, E.; Pucci, V.; Giuliano,
C.; Fiore, F.; Rowley, M.; Summa, V., Synthesis and Antiviral Properties of Novel 7-Heterocyclic
Substituted 7-Deaza-Adenine Nucleoside Inhibitors of Hepatitis C NS5B Polymerase. Bioorg. Med.
Chem. 2012, 20 (15), 4801-4811.

49. Bridges, D. J.; Gould, M. K.; Nerima, B.; Maser, P.; Burchmore, R. J. S.; de Koning, H. P., Loss
of the High-Affinity Pentamidine Transporter Is Responsible for High Levels of Cross-Resistance
between Arsenical and Diamidine Drugs in African Trypanosomes. Mol. Pharmacol. 2007, 71 (4),
1098-1108.

50. Baker, N.; de Koning, H. P.; Maser, P.; Horn, D., Drug resistance in African Trypanosomiasis:
the Melarsoprol and Pentamidine Story. Trends Parasitol. 2013, 29 (3), 110-118.

51. Munday, J. C.; Settimo, L.; de Koning, H. P., Transport Proteins Determine Drug Sensitivity
and Resistance in a Protozoan Parasite, Trypanosoma brucei. Front. Pharmacol. 2015, 6 (32), 32.

52. Zoltner, M.; Horn, D.; de Koning, H. P.; Field, M. C., Exploiting the Achilles’ Heel of

Membrane Trafficking in Trypanosomes. Curr. Opin. Microbiol. 2016, 34, 97-103.



53. Geiser, F.; Lischer, A.; de Koning, H. P.; Seebeck, T.; Maser, P., Molecular Pharmacology of
Adenosine Transport in Trypanosoma brucei: P1/P2 Revisited. Mol. Pharmacol. 2005, 68 (3), 589-595.
54, de Koning, H. P.; Bridges, D. J.; Burchmore, R. J. S., Purine and Pyrimidine Transport in
Pathogenic Protozoa: From Biology to Therapy. FEMS Microbiol. Rev. 2005, 29 (5), 987-1020.

55. de Koning, H. P.; Jarvis, S. M., Adenosine Transporters in Bloodstream Forms of Trypanosoma
brucei brucei: Substrate Recognition Motifs and Affinity for Trypanocidal Drugs. Mol. Pharmacol.
1999, 56 (6), 1162-1170.

56. Matovu, E.; Stewart, M. L.; Geiser, F.; Brun, R.; Maser, P.; Wallace, L. J. M.; Burchmore, R.
J.; Enyaru, J. C. K.; Barrett, M. P.; Kaminsky, R.; Seebeck, T.; de Koning, H. P., Mechanisms of
Arsenical and Diamidine Uptake and Resistance in Trypanosoma brucei. Eukaryotic Cell 2003, 2 (5),
1003-1008.

57. de Koning, H. P.; Anderson, L. F.; Stewart, M.; Burchmore, R. J. S.; Wallace, L. J. M.; Barrett,
M. P., The Trypanocide Diminazene Aceturate Is Accumulated Predominantly through the ThAT1
Purine Transporter: Additional Insights on Diamidine Resistance in African Trypanosomes. Antimicrob.
Agents Chemother. 2004, 48 (5), 1515-1519.

58. Munday, J. C.; Rojas Lopez, K. E.; Eze, A. A.; Delespaux, V.; Van Den Abbeele, J.; Rowan,
T.; Barrett, M. P.; Morrison, L. J.; de Koning, H. P., Functional Expression of TCOAT1 Reveals it to be
a P1-type Nucleoside Transporter with no Capacity for Diminazene Uptake. Int. J. Parasitol. Drugs
Drug. Resist. 2013, 3, 69-76.

59. Graf, F. E.; Ludin, P.; Wenzler, T.; Kaiser, M.; Brun, R.; Pyana, P. P.; Buscher, P.; de Koning,
H. P.; Horn, D.; Maéser, P., Aquaporin 2 Mutations in Trypanosoma brucei gambiense Field Isolates
Correlate with Decreased Susceptibility to Pentamidine and Melarsoprol. PLoS Neglected Trop. Dis.
2013, 7 (10), e2475.

60. Carter, N. S.; Berger, B. J.; Fairlamb, A. H., Uptake of Diamidine Drugs by the P2 Nucleoside
Transporter in Melarsen-sensitive and -resistant Trypanosoma brucei brucei. J. Biol. Chem. 1995, 270
(47), 28153-28157.

61. Carter, N. S.; Fairlamb, A. H., Arsenical-resistant Trypanosomes Lack an Unusual Adenosine

Transporter. Nature 1993, 361 (6408), 173-176.



62. Munday, J. C.; Tagoe, D. N.; Eze, A. A.; Krezdorn, J. A.; Rojas Lopez, K. E.; Alkhaldi, A. A;
McDonald, F.; Still, J.; Alzahrani, K. J.; Settimo, L.; De Koning, H. P., Functional Analysis of Drug
Resistance-associated Mutations in the Trypanosoma brucei Adenosine Transporter 1 (TbAT1) and the
Proposal of a Structural Model for the Protein. Mol. Microbiol. 2015, 96 (4), 887-900.

63. Giordani, F.; Morrison, L. J.; Rowan, T. G.; De Koning, H. P.; Barrett, M. P., The Animal
Trypanosomiases and their Chemotherapy: a Review. Parasitology 2016, 143 (14), 1862-1889.

64. Al-Salabi, M. I.; Wallace, L. J. M.; Lischer, A.; Maser, P.; Candlish, D.; Rodenko, B.; Gould,
M. K.; Jabeen, I.; Ajith, S. N.; de Koning, H. P., Molecular Interactions Underlying the Unusually High
Adenosine Affinity of a Novel Trypanosoma brucei Nucleoside Transporter. Mol. Pharmacol. 2007, 71
(3), 921-929.

65. Collar, C. J.; Al-Salabi, M. I.; Stewart, M. L.; Barrett, M. P.; Wilson, W. D.; de Koning, H. P.,
Predictive Computational Models of Substrate Binding by a Nucleoside Transporter. J. Biol. Chem.
2009, 284 (49), 34028-34035.

66. Sanchez, M. A.; Tryon, R.; Green, J.; Boor, l.; Landfear, S. M., Six Related
Nucleoside/Nucleobase Transporters from Trypanosoma brucei Exhibit Distinct Biochemical
Functions. J. Biol. Chem. 2002, 277 (24), 21499-21504.

67. Aronow, B.; Kaur, K.; McCartan, K.; Ullman, B., Two High AffinityNucleoside Transporters
in Leishmania donovani. Mol. Biochem. Parasitol. 1987, 22 (1), 29-37.

68. Kerby, B. R.; Detke, S., Reduced Purine Accumulation is Encoded on an Amplified DNA in
Leishmania mexicana amazonensis Resistant to Toxic Nucleosides. Mol. Biochem. Parasitol. 1993, 60
(2), 171-185.

69. Alzahrani, K. J. H.; Ali, J. A. M.; Eze, A. A.; Looi, W. L.; Tagoe, D. N. A,; Creek, D. J.; Barrett,
M. P.; de Koning, H. P., Functional and Genetic Evidence that Nucleoside Transport is Highly
Conserved in Leishmania species: Implications for Pyrimidine-based Chemotherapy. Int. J. Parasitol.
Drugs Drug. Resist. 2017, 7 (2), 206-226.

70. Finley, R. W.; Cooney, D. A.; Dvorak, J. A., Nucleoside Uptake in Trypanosoma cruzi: Analysis

of a Mutant Resistant to Tubercidin. Mol. Biochem. Parasitol. 1988, 31 (2), 133-140.



71. Jackson, A. P.; Allison, H. C.; Barry, J. D.; Field, M. C.; Hertz-Fowler, C.; Berriman, M., A
Cell-surface Phylome for African Trypanosomes. PLoS Neglected Trop. Dis. 2013, 7 (3), e2121.

72. Campagnaro, G. D.; de Freitas Nascimento, J.; Girard, R. B. M.; Silber, A. M.; de Koning, H.
P., Cloning and Characterisation of the Equilibrative Nucleoside Transporter Family of Trypanosoma
cruzi: Ultra-high Affinity and Selectivity to Survive in the Intracellular Niche. Biochim. Biophys. Acta,
Gen. Subj. 2018, 1862 (12), 2750-2763.

73. Ramasamy, K.; Imamura, N.; Robins, R. K.; Revankar, G. R., A Facile Synthesis of Tubercidin
and Related 7-deazapurine Nucleosides via the Stereospecific Sodium Salt Glycosylation Procedure.
Tetrahedron Lett. 1987, 28 (43), 5107-5110.

74, Eze, A. A,; Gould, M. K.; Munday, J. C.; Tagoe, D. N.; Stelmanis, V.; Schnaufer, A.; De
Koning, H. P., Reduced Mitochondrial Membrane Potential Is a Late Adaptation of Trypanosoma brucei
brucei to Isometamidium Preceded by Mutations in the Gamma Subunit of the F1Fo-ATPase. PLoS
Neglected Trop. Dis. 2016, 10 (8), e0004791.

75. Coustou, V.; Guegan, F.; Plazolles, N.; Baltz, T., Complete in Vitro Life Cycle of Trypanosoma
congolense: Development of Genetic Tools. PLoS Neglected Trop. Dis. 2010, 4 (3), e618.

76. Omar, R. M.; Igoli, J.; Gray, A. |.; Ebiloma, G. U.; Clements, C.; Fearnley, J.; Ebel, R. A,;
Zhang, T.; De Koning, H. P.; Watson, D. G., Chemical Characterisation of Nigerian Red Propolis and
its Biological Activity against Trypanosoma brucei. Phytochem. Anal. 2016, 27 (2), 107-115.

77. Buckner, F. S.; Verlinde, C. L. M. J.; LaFlamme, A. C.; vanVoorhis, W. C., Efficient Technique
for Screening Drugs for Activity Against Trypanosoma cruzi using Parasites Expressing B-
Galactosidase. Antimicrob. Agents Chemother. 1996, 40 (11), 2592-2597.

78. Hendrickx, S.; Guerin, P. J.; Caljon, G.; Croft, S. L.; Maes, L., Evaluating Drug Resistance in
Visceral Leishmaniasis: the Challenges. Parasitology 2018, 145 (4), 453-463.

79. Wallace, L. J. M.; Candlish, D.; De Koning, H. P., Different Substrate Recognition Motifs of
Human and Trypanosome Nucleobase Transporters: Selective Uptake of Purine Antimetabolites. J. Biol.
Chem. 2002, 277 (29), 26149-26156.

80. de Koning, H. P.; Watson, C. J.; Jarvis, S. M., Characterization of a Nucleoside/Proton

Symporter in Procyclic Trypanosoma brucei brucei. J. Biol. Chem. 1998, 273 (16), 9486-9494.



