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Molecular Modeling Methods

A3AR 3D Structure

To perform docking studies, we used a previously reported'? homology model of the hA3;AR built,
based on a hybrid template, using the alignment and the homology modeling tools implemented in
the MOE suite.’ To build this model, an agonist-bound hA;4AR crystal structure (PDB ID: 3QAK)*
was used as a template for the entire A3AR structure except for the extracellular terminus of TM2
and EL1. The X-ray structure of the B, adrenergic receptor in complex with the Gs protein (PDB
ID: 3SN6),” after superimposition with the hA;,AR crystal structure, was used as template to build
the extracellular terminus of TM2. No structural template was used for the modeling of ELI1.
Methodological details have been previously reported.l’2

Molecular Docking

Structures of potential A3;AR ligands were built and prepared for docking using the Builder and the
LigPrep tools implemented in the Schrodinger suite.® In particular, possible ionization states at pH
7+1 were generated using Epik, tautomers were generated and geometries were optimized using the
OPLS 2005 force field.

Molecular docking of ligands at the hA;AR model was performed by means of the Glide’ package
from the Schrodinger suite.® In particular, a Glide Grid was centered on the centroid of some key
residues of the binding pocket of adenosine receptors, namely Phe (EL2), Asn (6.55), Trp (6.48) and
His (7.43). The Glide Grid was built using an inner box (ligand diameter midpoint box) of 10 A x
10 A x 10 A and an outer box (box within which all the ligand atoms must be contained) that
extended 20 A in each direction from the inner one. Docking of ligands was performed in the rigid
binding site using the XP (extra precision) procedure. The top scoring docking conformations for
each ligand were subjected to visual inspection and analysis of protein-ligand interactions to select
the proposed binding conformations in agreement with the experimental data.
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Assay of adenylate cyclase at the hA3;AR.

hA3;AR-induced inhibition of the production of cyclic AMP in membranes of hA3AR-expressing
CHO cells was measured as reported.'

Compound 20 (MRS7144) was shown to be a full agonist (mean*SEM, n=3) with EC,, of
1.5£0.3 nM (cf. 3816 nM for adenosine 5'-M-ethyluronamide, NECA 44). The maximal
efficacy of 20 was 95.5+2.3%, compared to 44 set at 100%.

150+

X

3.100- -o- NECA

g | =2

% 50-

°

S

o 07 . . .

< -10 -8 -6 -4
-504 Conc [log M]

Inactivity of 12 and 20 at the hA;gAR.

An assay of stimulation of cAMP generation at the hA;gAR expressed in CHO cells at a single
concentration of 10 uM:l’2 Compound 20 (MRS7144): 8+2% stimulation; Compound 12
(MRS7154): 1243%, compared with the maximum effect of 44 at 10 uM (full agonist control,
100%).

In inhibition of binding of [ H]8-[4-[[(4-cyano)phenylcarbamoylmethyl]oxy]phenyl]-1,3-di-(n-
propyl)xanthine (PHIMRS1754) (2 nM) binding to membranes from HEK293 cells expressing the
hA,;gAR: Compound 20 (MRS7144, 10 uM): 17% displacement; Compound 12 (MRS7154, 10
uM): 34% displacement.?
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CCI calculations for in vivo assay of A3;AR agonists.

Figure S1. Dose escalation of Compound 11 (MRS7135).
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All in vivo experiments were performed by methods described' and in accordance with the
International Association for the Study of Pain and the National Institutes of Health guidelines on
laboratory animal welfare and the recommendations by Saint Louis University Institutional Animal

Care and Use Committee. All experiments were conducted with the experimenters blinded to
treatment conditions.

"Tosh, D. K; Finley, A.; Paoletta, S.; Moss, S. M.; Gao, Z. G.; Gizewski, E.; Auchampach, J.;
Salvemini, D.; Jacobson, K. A. J. Med. Chem. 2014, 57, 9901.

%  Analgesic effect was calculated by the following equation:
%Effect = [PWT (g) th — PWT (g) tD7/BL] / [PWT (g) too — PWT (g) tD7/BL] x 100;

where, PWT (g) t» = PWT (g) at 1 h (max) or 3 h post treatment; PWT (g) fp7s.= PWT (g) at
D7/BL; and PWT (g) frpo = PWT (g) at DO.

Statistical Analysis. Data are expressed as mean £ SEM for N animals. Differences in behavioral
data from the full time course studies were analyzed by two-way ANOVA with Bonferroni
comparisons using GraphPad Prism version 5.04 for Windows, GraphPad Software, San Diego
California USA, www.graphpad.com”. Significant differences were defined at P<0.05.
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Plots of in vivo data (ipsilateral paw, each compound administered p.o., 3 pmol/kg, n = 3). There is
no effect on the contralateral paw.
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Off-target interactions for compounds 11, 12, 16-20, 24 and 25

Off-target interactions (from PDSP, protocols are available at
https://pdspdb.unc.edu/html/tutorials/UNC-CH%20Protocol%20Book.pdf). This screening is
described in Besnard et al.' Also, for activity of related compounds see Paoletta et al.” for
systematic modeling of off-target effects.

Compounds were tested at the following sites: SHT;a, SHT5, SHTp, SHT g, SHT24, SHT25,
SHTzc, 5HT3, 5HT5A, 5HT6, 5HT7, 1A, OB, A1D, O2A, O2B, O2C, Bla Bz, B3, BZP rat brain site, Dl,
D;,, D3, D4, Ds, delta opioid receptor (DOR), GABA,, Hy, Hy, Hj, Hy, kappa opioid receptor (KOR),
M, My, M3, Ma, Ms, mu opioid receptor (MOR), peripheral benzodiazepine receptor (PBR), Sigma-
1, and Sigma-2. No significant interaction was concluded when there was <50% inhibition at 10
uM for each compound. Only significant interactions (>50% inhibition) are listed below. If a
receptor is not listed, assume that there were no significant interactions. The interactions with
neurotransmitter transport proteins will be reported elsewhere. Activity at biogenic amine
transporters was not included.

We thank Dr. Bryan L. Roth (Univ. North Carolina at Chapel Hill) and National Institute of
Mental Health’s Psychoactive Drug Screening Program (Contract # HHSN-271-2008-00025-C)
for screening data.

For comparison, off-target interactions of earlier reported compounds are listed here.'*

11, MRS7135 (PDSP 34074)
No significant interactions found.

12, MRS7154 (PDSP 37182)
No significant interactions found.

16, MRS7153 (PDSP 37181)
No significant interactions found.

17, MRS7146 (PDSP 34389)
SHT (>10 uM), Hs (4.17 uM), PBR (2.05 uM), B3 (6.52 uM).

18, MRS7147 (PDSP 34390)
SHTsa (>10 pM), PBR (1.57 uM), B; (2.14 uM).

19, MRS7140 (PDSP 34334)
2 (3.12 uM), D3 (>10 uM).

20, MRS7144 (PDSP 37180)
SHT,5 (K; = 2.45 uM)




S9

1125
900
Ai a
A 37180
pK: =5.61+0.07
2 2 675 = K:=2451 nM
5= = SB206553
@ E pK. =7.39+0.07
ag K =41 nM
2=
£.5 450
225
-
0 -
T T T T T T T T T
44 13 42 11 10 9 8 7 6 5 -4
log [drug]

25, MRS7162 (PDSP 37183)
No significant interactions found.

26, MRS7163 (PDSP 37184)
No significant interactions found.

1Besnard, J.; Ruda, G. F.; Setola, V.; Abecassis, K.; Rodriguiz, R. M.; Huang, X. P.; Norval, S.;
Sassano, M. F.; Shin, A. I.; Webster, L. A.; Simeons, F. R.; Stojanovski, L.; Prat, A.; Seidah, N.
G.; Constam, D. B.; Bickerton, G. R.; Read, K. D.; Wetsel, W. C.; Gilbert, I. H.; Roth, B. L.;
Hopkins, A. L. Automated design of ligands to polypharmacological profiles. Nature 2012, 492,
215-220.

2Paoletta, S.; Tosh, D. K.; Salvemini, D.; Jacobson, K. A. Structural probing of off-target G protein-
coupled receptor activities within a series of adenosine/adenine congeners. PLoS ONE 2014, 9,
€97858.
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Chemical synthesis

Scheme S1
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Reagents and Condition: (i) RNH,, Et;N, MeOH, rt, 73-90%; (ii) 40% MeNH,, MeOH, rt, 68-76%;
(iii) 2-chloro-5-ethynylthiophene, Pd(PPh;),Cl,, Cul, Et;N, DMF, rt, 73-97%; (iv) 10%TFA,MeOH,
70 °C, 80-85%.
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Reagents and Condition: (i) 10%TFA, MeOH, 70 °C, 91-93%; (ii) NaN3, sodium ascorbate,
CuS04.5H,0, L-proline, Na,CO;, ‘BuOH-H,0, 65 °C, 78-81%; (ii) 2-chloro-5-ethynylthiophene,
sodium ascorbate, CuSO4.5H,0, ‘BuOH-H,0, rt, 89-91%.
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Reagents and Condition: i) PMBCI, TBAF, DMF, rt, 51%; ii) isoamyl nitrite, CH,I,, I,, Cul, THF,
reflux, 96%; iii) TFA, reflux, 94%.

Materials and instrumentation

All reagents and solvents were purchased from Sigma-Aldrich (St. Louis, MO). "H NMR spectra
were obtained with a Bruker 400 spectrometer using CDCl; and CD;0D as solvents. Chemical
shifts are expressed in 6 values (ppm) with tetramethylsilane (6 0.00) for CDCl; and water (6 3.30)
for CD;0D. TLC analysis was carried out on glass sheets precoated with silica gel F254 (0.2 mm)
from Aldrich. The purity of final nucleoside derivatives was checked using a Hewlett—Packard
1100 HPLC equipped with a Zorbax SB-Aq 5 pm analytical column (50 x 4.6 mm; Agilent
Technologies Inc., Palo Alto, CA). Mobile phase: linear gradient solvent system, 5 mM TBAP
(tetrabutylammonium dihydrogenphosphate)~CH;CN from 80:20 to 0:100 in 13 min; the flow rate
was 0.5 mL/min. Peaks were detected by UV absorption with a diode array detector at 230, 254,
and 280 nm. All derivatives tested for biological activity showed >95% purity by HPLC analysis
(detection at 254 nm). Low-resolution mass spectrometry was performed with a JEOL SX102
spectrometer with 6-kV Xe atoms following desorption from a glycerol matrix or on an Agilent
LC/MS 1100 MSD, with a Waters (Milford, MA) Atlantis C18 column. High resolution mass
spectroscopic (HRMS) measurements were performed on a proteomics optimized Q-TOF-2
(Micromass-Waters) using external calibration with polyalanine, unless noted. Observed mass
accuracies are those expected based on known performance of the instrument as well as trends in
masses of standard compounds observed at intervals during the series of measurements. Reported
masses are observed masses uncorrected for this time-dependent drift in mass accuracy. All of the
monosubsituted alkyne intermediates were purchased from Sigma-Aldrich (St. Louis, MO), Small
Molecules, Inc. (Hoboken, NJ), Anichem (North Brunswick, NJ), PharmaBlock, Inc. (Sunnyvale,
CA), Frontier Scientific (Logan, UT) and Tractus (Perrineville, NJ).

7-Chloro-5-iodo-3H-imidazo[4,5-b]pyridine (5)

A solution of compound 40 (378, 0.94 mmol) in TFA (10 mL) was refluxed at 85 °C overnight.
Solvent was evaporated and the residue was purified on flash silica gel column chromatography
(CH2CL:MeOH = 20:1) to give compound 5 (248 mg, 94%) as a colorless powder. 'H NMR
(CD;OD, 400 MHz) & 8.40 (s, 1H), 7.79 (s, 1H). HRMS calculated for C¢H;N;CII (M + H)
279.9139; found 279.9137.

Ethyl (3aR,3bS,4aS,5R,5a8)-5-(7-chloro-5-iodo-3 H-imidazo[4,5-b]pyridin-3-yl)-2,2-
dimethyltetrahydrocyclopropa|3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxylate (6)

DIAD (0.24 mL, 1.242 mmol) was added to a solution of triphenylphosphine (0.326 g, 1.242 mmol)
and 1-deaza- 2-iodo-6-chloropurine 5§ (0.259 g, 0.926 mmol) in dry THF (3 mL) and the mixture
stirred at room temperature for 10 min. A solution of compound 4 (0.150 g, 0.621 mmol) in THF (2
mL) was added to the reaction mixture, and the mixture stirred overnight at room temperature.
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Solvent was evaporated and the residue was purified on flash silica gel column chromatography
(hexane:ethyl acetate=4:1) to give compound 6 (0.160 g, 51%) as a colorless foam. '"H NMR
(CDCls, 400 MHz) 6 7.99 (s, 1H), 7.71 (s, 1H), 5.87 (d, J = 6.4 Hz, 1H), 4.94 (s, 1H), 4.81 (d, J =
6.0 Hz, 1H), 4.33-4.25 (m, 2H), 2.28-2.23 (m, 1H), 1.76-1.72 (1H), 1.59 (s, 3H), 1.55 (t, /= 5.6 Hz,
1H), 1.35 (t, J = 7.2 Hz, 3H), 1.31 (s, 3H). HRMS calculated for C;gsH,ICIN;O4 (M + H)
504.0187; found 504.0192.

(3aR,3bS,4aS8,5R,5aS5)-5-(7-chloro-5-iodo-3H-imidazo[4,5-b]pyridin-3-yl)-V,2,2-
trimethyltetrahydrocyclopropa|3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxamide (7)

40% Methylamine solution (2.5 mL) was added to a solution of compound 6 (0.160, 0.318 mmol)
in methanol (3 mL) and the mixture stirred at room temperature for 24 h. Solvent was evaporated
under vacuum and the residue was purified on flash silica gel column chromatography
(CH,Cl,:MeOH=40:1) to give compound 7 (0.111g, 72%) as a colorless foam."H NMR (CD;OD,
400 MHz) & 8.44 (s, 1H), 7.82 (s, 1H), 5.75 (d, J = 6.4 Hz, 1H), 5.07 (s, 1H), 4.91 (d, J = 5.6 Hz,
1H), 2.89 (s, 3H), 2.23-2.19 (m, 1H), 1.56 (s, 3H), 1.54-1.50 (m, 1H), 1.44 (t, /= 5.2 Hz, 1H), 1.30
(s, 3H). HRMS calculated for C;7HsICIN4O3Na (M + Na) *:511.0004; found 511.0007.

(3aR,3bS,4a8,5R,5aS)-5-(5-iodo-7-(methylamino)-3 H-imidazo[4,5-b]pyridin-3-yl)-/V,2,2-
trimethyltetrahydrocyclopropa|3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxamide (8a)

MeNH,.HCI (36.6 mg, 0.542 mmol) and DIPEA (0.18 mL, 1.08 mmol) were added to a solution of
compound 7 (53 mg, 0.108 mmol) in isopropanol (1.5 mL) in a sealed tube and heated at 150 °C
under microwave condition for 3 h. The reaction mixture was evaporated under vacuum and the
residue was purified on flash silica gel column chromatography (CH,Cl,:MeOH = 40:1) to give
compound 8a (42 mg, 81%) as a glassy syrup. 'H NMR (CD;0D, 400 MHz) & 7.99 (s, 1H), 6.73 (s,
1H), 5.75 (d, J=7.2 Hz, 1H), 4.95 (s, 1H), 4.85 (d, /= 6.8 Hz, 1H), 2.96 (s, 3H), 2.89 (s, 3H), 2.15-
2.11 (m, 1H), 1.54 (s, 3H), 1.52-1.49 (m, 1H), 1.40 (t, J = 5.2 Hz, 1H), 1.30 (s, 3H). HRMS
calculated for C1gH»INsO3 (M + H) : 484.0840; found 484.0840.

(3aR,3bS,4aS,5R,5a8)-5-(7-(ethylamino)-5-iodo-3H-imidazo[4,5-b]pyridin-3-yl)-V,2,2-
trimethyltetrahydrocyclopropa|3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxamide (8b)

Compound 8b (77%) was prepared from compound 7 following the same method for compound 8a.
'H NMR (CD;O0D, 400 MHz) & 7.99 (s, 1H), 6.75 (s, 1H), 5.75 (d, J = 6.8 Hz, 1H), 4.95 (s, 1H),
492 (d, J = 7.2 Hz, 1H), 3.39-3.34 (m, 2H), 2.89 (s, 3H), 2.15-2.12 (m, 1H), 1.54-1.49 (m, 4H),
1.39 (t, J = 5.2 Hz, 1H), 1.31-1.29 (m, 6H). HRMS calculated for C;9H»5INsO3; (M + H) i
498.0924; found 498.0913.

(3aR,3bS,4a8,5R,5a8)-5-(5-iodo-7-(propylamino)-3 H-imidazo[4,5-b]pyridin-3-yl)-V,2,2-
trimethyltetrahydrocyclopropa|3.4|cyclopenta[1,2-d]|[1,3]dioxole-3b(3aH)-carboxamide (8c)

Compound 8c (84%) was prepared from compound 7 following the same method for compound 8a.
'H NMR (CD;0D, 400 MHz) & 7.99 (s, 1H), 6.75 (s, 1H), 5.74 (d, J = 6.0 Hz, 1H), 4.95 (s, 1H),
4.85 (d, J = 5.6 Hz, 1H), 3.28 (t, J = 6.8 Hz, 2H), 2.88 (s, 3H), 2.15-2.11 (m, 1H), 1.74-1.67 (m,
2H), 1.55 (s, 3H), 1.54-1.49 (m, 1H), 1.39 (t, J = 5.2 Hz, 1H), 1.29 (s, 3H), 1.04 (t, J= 7.2 Hz, 3H).
HRMS calculated for C50H,7IN5O3 (M + H) : 512.1159; found 512.1161.

(3aR,3bS,4a8,5R,5aS5)-5-(7-(cyclopropylamino)-5-iodo-3 H-imidazo[4,5-b] pyridin-3-yl)-N,2,2-
trimethyltetrahydrocyclopropa|3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxamide (8d)
Compound 8d (74%) was prepared from compound 7 following the same method for compound 8a.
'H NMR (CD;0D, 400 MHz) & 8.00 (s, 1H), 7.08 (s, 1H), 5.75 (d, J = 6.4 Hz, 1H), 4.95 (s, 1H),
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4.88 (d, J=5.6 Hz, 1H), 2.89 (s, 3H), 2.62-2.57 (m, 1H), 2.15-2.11 (m, 1H), 1.54 (s, 3H), 1.52-1.50
(m, 1H), 1.40 (t, J = 5.2 Hz, 1H), 1.30 (s, 3H), 0.90-0.86 (m, 2H), 0.62-0.58 (m, 2H). HRMS
calculated for CaoH,5INsO3 (M + H) ™ 510.1002; found 510.0997.

(3aR,3bS,4a8,5R,5a5)-5-(5-((5-chlorothiophen-2-yl)ethynyl)-7-(methylamino)-3H-imidazo[4,5-
b]pyridin-3-yl)-V,2,2-trimethyltetrahydrocyclopropal3.,4]cyclopenta[1,2-d][1,3]dioxole-
3b(3aH)-carboxamide (9a)

PdCly(PPhs), (7.7 mg, 0.01 mmol), Cul (1.0 mg, 0.005 mmol), 2-chloro-5-ethynylthiophene (47
mg, 0.329 mmol) and triethylamine (0.07 mL, 0.54 mmol) were added to a solution of compound
8a (26.5 mg, 0.05 mmol) in anhydrous DMF (1.2 mL), and the mixture stirred at room temperature
overnight. Solvent was evaporated under vacuum and the residue purified on flash silica gel column
chromatography (CH>Cl,:MeOH = 35:1) to give compound 9a (26 mg, 95%) as a yellow syrup. 'H
NMR (CDs0D, 400 MHz) 6 8.15 (s, 1H), 7.29 (d, J = 3.6 Hz, 1H), 7.01 (d, /= 3.6 Hz, 1H), 6.69 (s,
1H), 5.77 (d, J= 7.2 Hz, 1H), 5.05 (s, 1H), 3.03 (s, 3H), 2.81 (s, 3H), 2.15-2.12 (m, 1H), 1.55-1.53
(m, 4H), 1.42 (t, J = 5.2 Hz, 1H), 1.29 (s, 3H). HRMS calculated for C4H,5sCIN5sO3S (M + H) '
498.1361; found 498.1358.

(3aR,3bS,4aS8,5R,5aS5)-5-(5-((S-chlorothiophen-2-yl)ethynyl)-7-(ethylamino)-3 H-imidazo[4,5-
b]pyridin-3-yl)-V,2,2-trimethyltetrahydrocyclopropa[3,4]cyclopenta[1,2-d]|[1,3]dioxole-
3b(3aH)-carboxamide (9b)

Compound 9b (84%) was prepared from compound 8b following the same method for compound
9a. '"H NMR (CD;OD, 400 MHz) & 8.15 (s, 1H), 7.29 (d, J = 4.0 Hz, 1H), 7.01 (d, J = 3.6 Hz, 1H),
6.69 (s, 1H), 5.77 (d, J = 7.2 Hz, 1H), 5.05 (s, 1H), 4.88 (d, J = 6.8 Hz, 1H), 3.28-3.17 (m, 2H),
2.81 (s, 3H), 2.16-2.12 (m, 1H), 1.57-1.53 (m, 4H), 1.42 (t, J = 5.2 Hz, 1H), 1.36-1.33 (m, 6H).
HRMS calculated for C,5H,7CINsO3S (M + H) : 512.1518; found 512.1520.

(3aR,3bS,4a8,5R,5aS5)-5-(5-((5-chlorothiophen-2-yl)ethynyl)-7-(propylamino)-3 H-imidazo[4,5-
b]pyridin-3-yl)-N,2,2-trimethyltetrahydrocyclopropal3.,4]cyclopenta[1,2-d][1,3]dioxole-
3b(3aH)-carboxamide (9¢)

Compound 9¢ (89%) was prepared from compound 8¢ following the same method for compound
9a. "H NMR (CD;0D, 400 MHz) & 8.15 (s, 1H), 7.28 (d, J = 4.0 Hz, 1H), 7.00 (d, J = 4.0 Hz, 1H),
6.68 (s, 1H), 5.76 (d, J = 6.4 Hz, 1H), 5.05 (s, 1H), 4.85 (d, J = 5.2 Hz, 1H), 3.36 (t, J/ = 6.8 Hz,
2H), 2.81 (s, 3H), 2.16-2.12 (m, 1H), 1.79-1.70 (m, 2H), 1.56-1.53 (m, 4H), 1.42 (t, J = 5.2 Hz,
1H), 1.29 (s, 3H), 1.06 (t, J = 7.2 Hz, 3H). HRMS calculated for CsHCISNsO; (M + H) "
526.1680; found 526.1677.

(3aR,3bS.4a8,5R,5a5)-5-(5-((5-chlorothiophen-2-yl)ethynyl)-7-(cyclopropylamino)-3 H-
imidazo[4,5-b]pyridin-3-yl)-/V,2,2-trimethyltetrahydrocyclopropa[3,4]cyclopenta|1,2-
d][1,3]dioxole-3b(3aH)-carboxamide (9d)

Compound 9d (85%) was prepared from compound 8d following the same method for compound
9a. 'H NMR (CD;0D, 400 MHz) & 8.16 (s, 1H), 7.30 (d, J = 4.0 Hz, 1H), 7.01 (d, J = 3.6 Hz, 1H),
6.99 (s, 1H), 5.77 (d, J= 6.8 Hz, 1H), 5.05 (s, 1H), 4.86 (d, /= 5.2 Hz, 1H), 2.81 (s, 3H), 2.61-2.68
(m, 1H), 2.15-2.11 (m, 1H), 1.55-1.52 (m, 4H), 1.42 (t, J= 5.2 Hz, 1H), 1.29 (s, 3H), 0.91-0.90 (m,
2H), 0.68-0.60 (m, 2H). HRMS calculated for C,sH7CISNsO; (M + H) ": 524.1523; found
524.1519.

(18,2R,3S5,4R,55)-4-(2-((5-chlorothiophen-2-yl)ethynyl)-6-(ethylamino)-9 H-purin-9-yl)-2,3-
dihydroxy-/NV-methylbicyclo[3.1.0]hexane-1-carboxamide (11)
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A solution of compound 35a (25 mg, 0.048 mmol) in methanol (3 mL) and 10% trifluromethane
sulfonic acid (2 mL) was heated at 70 °C for 5 h. Solvent was evaporated under vacuum and the
residue was purified on flash silica gel column chromatography (CH,Cl,:MeOH = 15:1) to give
compound 11 (19 mg, 85%) as a light yellow powder. 'H NMR (CD;0D, 400 MHz) & 8.09 (s, 1H),
7.30 (d, J=4.0 Hz, 1H), 7.02 (d, J=4.0 Hz, 1H), 5.03 (d, /= 6.4 Hz, 1H), 4.86 (s, 1H), 4.01 (d, J =
6.4 Hz, 1H), 3.65 (br s, 2H), 2.86 (s, 3H), 2.13-2.09 (m, 1H), 1.88 (t, /=4.8 Hz, 1H), 1.41-1.37 (m,
1H), 1.31 (t, J = 7.2 Hz, 3H). HRMS calculated for C,;H,,N¢O3SCl (M + H) *: 473.1163; found
473.1166.

(18,2R,3S5,4R,55)-4-(2-((5-chlorothiophen-2-yl)ethynyl)-6-(propylamino)-9 H-purin-9-yl)-2,3-
dihydroxy-/NV-methylbicyclo[3.1.0]hexane-1-carboxamide (12)

Compound 12 (83%) was prepared from compound 35b following the same method for compound
11. '"H NMR (CD;0D, 400 MHz) & 8.11 (s, 1H), 7.31 (d, J = 4.0 Hz, 1H), 7.02 (d, J = 4.0 Hz, 1H),
5.03 (d, J=7.2 Hz, 1H), 4.85 (s, 1H), 4.01 (d, J = 6.4 Hz, 1H), 3.58 (br s, 2H), 2.86 (s, 3H), 2.12-
2.09 (m, 1H), 1.88 (t, J = 4.8 Hz, 1H), 1.75-1.70 (m, 2H), 1.41-1.37 (m, 1H), 1.04 (t, /= 7.6 Hz,
3H). HRMS calculated for C,5H,sNgO3SCl (M + H) 1 527.1632; found 527.1632.

(18,2R,3S5,4R,55)-4-(6-(butylamino)-2-((5-chlorothiophen-2-yl)ethynyl)-9 H-purin-9-yl)-2,3-
dihydroxy-/N-methylbicyclo[3.1.0]hexane-1-carboxamide (13)

Compound 13 (86%) was prepared from compound 35¢ following the same method for compound
11. "H NMR (CD;0D, 400 MHz) & 8.11 (s, 1H), 7.31 (d, J = 4.0 Hz, 1H), 7.02 (d, J = 4.0 Hz, 1H),
5.03 (d, J= 6.4 Hz, 1H), 4.86 (s, 1H), 4.00 (d, J = 6.4 Hz, 1H), 3.61 (br s, 2H), 2.86 (s, 3H), 2.12-
2.09 (m, 1H), 1.88 (t, J = 4.8 Hz, 1H), 1.71-1.66 (m, 2H), 1.51-1.46 (m, 2H), 1.41-1.37 (m, 1H),
1.00 (t, J = 7.2 Hz, 3H). HRMS calculated for Cp3HxNsO3SCl (M + H) *: 501.1476; found
501.1477.

(18,2R,3S5,4R,55)-4-(2-((5-chlorothiophen-2-yl)ethynyl)-6-(isopropylamino)-9 H-purin-9-yl)-
2,3-dihydroxy-/N-methylbicyclo[3.1.0]hexane-1-carboxamide (14)

Compound 14 (80%) was prepared from compound 35d following the same method for compound
11. '"H NMR (CD;0D, 400 MHz) & 8.12 (s, 1H), 7.31 (d, J = 4.0 Hz, 1H), 7.02 (d, J = 4.0 Hz, 1H),
5.05 (d, J= 6.4 Hz, 1H), 4.88 (s, 1H), 4.51 (br s, 1H), 4.01 (d, J = 6.4 Hz, 1H), 2.86 (s, 3H), 2.12-
2.09 (m, 1H), 1.88 (t, J = 5.2 Hz, 1H), 1.41-1.37 (m, 1H), 1.33 (d, J = 6.4 Hz, 6H),. HRMS
calculated for C,,H24NgO3SCl (M + H) . 487.1319; found 487.1313.

(185,2R,3S5,4R,55)-4-(2-((5-chlorothiophen-2-yl)ethynyl)-6-(cyclopropylamino)-9H-purin-9-yl)-
2,3-dihydroxy-/V-methylbicyclo[3.1.0]hexane-1-carboxamide (15)

Compound 15 (83%) was prepared from compound 35e following the same method for compound
11. "H NMR (CD;0D, 400 MHz) & 8.12 (s, 1H), 7.32 (d, J = 4.0 Hz, 1H), 7.03 (d, J = 4.0 Hz, 1H),
5.04 (d, J= 6.4 Hz, 1H), 4.85 (s, 1H), 4.01 (d, J= 6.4 Hz, 1H), 3.07 (br s, 1H), 2.86 (s, 3H), 2.12-
2.09 (m, 1H), 1.88 (t, J/ = 5.2 Hz, 1H), 1.41-1.37 (m, 1H), 0.94-0.89 (m, 2H), 0.71-0.67 (m, 2H).
HRMS calculated for C2,H2,NgO3SCl (M + H) *: 485.1163; found 485.1163.

(18,2R,3S5,4R,55)-4-(2-((5-chlorothiophen-2-yl)ethynyl)-6-(cyclobutylamino)-9H-purin-9-yl)-
2,3-dihydroxy-/N-methylbicyclo[3.1.0]hexane-1-carboxamide (16)

Compound 16 (85%) was prepared from compound 35f following the same method for compound
11. "H NMR (CD;0D, 400 MHz) & 8.11 (s, 1H), 7.31 (d, J = 4.0 Hz, 1H), 7.02 (d, J = 4.0 Hz, 1H),
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5.03 (d, J = 6.4 Hz, 1H), 4.85 (s, 1H), 4.81 (br s, 1H), 4.00 (d, J = 6.8 Hz, 1H), 2.86 (s, 3H), 2.52-
2.43 (m, 2H), 2.12-2.09 (m, 3H), 1.89-1.82 (m, 3H), 1.40-1.37 (m, 1H). HRMS calculated for
C23H24NgO3SCI (M + H) *: 499.1319; found 499.1322.

(18,2R,3S5,4R,55)-4-(2-((5-chlorothiophen-2-yl)ethynyl)-6-((cyclopropylmethyl)amino)-9 H-
purin-9-yl)-2,3-dihydroxy-/N-methylbicyclo[3.1.0|hexane-1-carboxamide (17)

Compound 17 (87%) was prepared from compound 35g following the same method for compound
11. "H NMR (CD;0OD, 400 MHz) & 8.12 (s, 1H), 7.31 (d, J = 4.0 Hz, 1H), 7.01 (d, J = 4.0 Hz, 1H),
5.03 (d, J = 6.4 Hz, 1H), 4.85 (s, 1H), 4.01 (d, J = 6.0 Hz, 1H), 3.48 (br s, 2H), 2.86 (s, 3H), 2.13-
2.09 (m, 1H), 1.88 (t, J = 4.8 Hz, 1H), 1.41-1.37 (m, 1H), 1.24-1.14 (m, 1H), 0.60-0.56 (m, 2H),
0.37-0.33 (m, 2H). HRMS calculated for C23H24N¢O3SC1 (M + H) 2 499.1319; found 499.1315.

(18,2R,3S5,4R,55)-4-(2-((5-chlorothiophen-2-yl)ethynyl)-6-((cyclobutylmethyl)amino)-9 H-
purin-9-yl)-2,3-dihydroxy-/N-methylbicyclo[3.1.0|hexane-1-carboxamide (18)

Compound 18 (88%) was prepared from compound 35h following the same method for compound
11. "H NMR (CD;O0D, 400 MHz) & 8.12 (s, 1H), 7.31 (d, J = 4.0 Hz, 1H), 7.02 (d, J = 4.0 Hz, 1H)
5.03 (d, J= 6.4 Hz, 1H), 4.86 (s, 1H), 4.01 (d, J = 6.0 Hz, 1H), 3.64 (br s, 2H), 2.86 (s, 3H), 2.75-
2.67 (m, 1H), 2.18-2.09 (m, 3H), 1.99-1.91 (m, 2H), 1.89-1.83 (m, 3H), 1.41-1.37 (m, 1H). HRMS
calculated for C4HysNgO3SCl (M + H) . 513.1476; found 513.1470.

(185,2R,3S5,4R,55)-4-(5-((5-chlorothiophen-2-yl)ethynyl)-7-(methylamino)-3 H-imidazo[4,5-
b]pyridin-3-yl)-2,3-dihydroxy-/N-methylbicyclo[3.1.0]hexane-1-carboxamide (19)

A solution of compound 9a (26 mg, 0.05 mmol) in methanol (2 mL) and 10% trifluromethane
sulfonic acid (2 mL) was heated at 70 °C for 5 h. Solvent was evaporated under vacuum and the
residue was purified on flash silica gel column chromatography (CH,Cl,:MeOH = 15:1) to give
compound 19 (21 mg, 88%) as a light yellow powder. 'H NMR (CD3;0D, 400 MHz) 6 8.09 (s, 1H),
7.23 (d, J=4.0 Hz, 1H), 7.00 (d, J = 4.0 Hz, 1H), 6.66 (s, 1H), 4.99 (d, J = 5.6 Hz, 1H), 4.90 (s,
1H), 3.98 (d, J= 6.0 Hz, 1H), 3.03 (s, 3H), 2.86 (s, 3H), 2.15-2.11 (m, 1H), 1.92 (t,J = 5.2 Hz, 1H),
1.41-1.37 (m, 1H). HRMS calculated for C5;H,;CIN5sO3S (M + H) *: 458.1054; found 458.1055.

(18,2R,3S5,4R,55)-4-(5-((5-chlorothiophen-2-yl)ethynyl)-7-(ethylamino)-3 H-imidazo[4,5-
b]pyridin-3-yl)-2,3-dihydroxy-/N-methylbicyclo[3.1.0]hexane-1-carboxamide (20)

Compound 20 (91%) was prepared from compound 9b following the same method for compound
19. '"H NMR (CD;0D, 400 MHz) & 8.18 (s, 1H), 7.24 (d, J = 4.0 Hz, 1H), 7.00 (d, J = 4.0 Hz, 1H),
6.72 (s, 1H), 4.97 (d, J = 6.8 Hz, 1H), 4.91 (s, 1H), 4.01 (d, J = 6.8 Hz, 1H), 3.49-3.43 (m, 2H),
2.86 (s, 3H), 2.15-2.12 (m, 1H), 1.92 (t, J = 5.2 Hz, 1H), 1.41-1.38 (m, 1H), 1.37 (t, /= 7.2 Hz,
3H). HRMS calculated for Cy;,H,3CINsO3S (M + H) 472, 1210; found 472.1214.

(18,2R,3S5,4R,55)-4-(5-((5-chlorothiophen-2-yl)ethynyl)-7-(propylamino)-3 H-imidazo[4,5-
b]pyridin-3-yl)-2,3-dihydroxy-/N-methylbicyclo[3.1.0]hexane-1-carboxamide (21)

Compound 21 (87%) was prepared from compound 9¢ following the same method for compound
19. '"H NMR (CD;0D, 400 MHz) & 8.11 (s, 1H), 7.22 (d, J = 4.0 Hz, 1H), 7.00 (d, J = 4.0 Hz, 1H),
6.68 (s, 1H), 4.98 (d, J = 5.6 Hz, 1H), 4.90 (s, 1H), 3.99 (d, J = 6.0 Hz, 1H), 3.36 (t, J = 6.8 Hz,
2H), 2.86 (s, 3H), 2.15-2.11 (m, 1H), 1.92 (t, J/ = 5.2 Hz, 1H), 1.77-1.70 (m, 2H), 1.41-1.37 (m,
1H), 1.06 (t, J = 7.2 Hz, 3H). HRMS calculated for C3H,5sCISNsO; (M + H) *: 486.1367; found
486.1375.
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(1S,2R,3S,4R,55)-4-(5-((5-chlorothiophen-2-yl)ethynyl)-7-(cyclopropylamino)-3 H-imidazo[4,5-
b]pyridin-3-yl)-2,3-dihydroxy-/N-methylbicyclo[3.1.0]hexane-1-carboxamide (22)

Compound 22 (86%) was prepared from compound 9d following the same method for compound
19. 'H NMR (CD;0D, 400 MHz) & 8.13 (s, 1H), 7.25 (d, J = 3.6 Hz, 1H), 7.01-6.99 (m, 2H), 4.98
(d, J=6.4 Hz, 1H), 4.91 (s, 1H), 3.98 (d, J = 6.4 Hz, 1H), 2.86 (s, 3H), 2.71-2.62 (m, 1H), 2.13-
2.11 (m, 1H), 1.92 (t, J = 5.2 Hz, 1H), 1.41-1.37 (m, 1H), 0.92-0.89 (m, 2H), 0.68-0.61 (m, 2H).
HRMS calculated for C,3H,3CISNsO; (M + H) ™: 484.1210; found 484.1216.

(1S,2R,35,4R,5S5)-4-(2-(4-(5-chlorothiophen-2-yl)-1H-1,2,3-triazol-1-yl)-6-
((cyclopropylmethyl)amino)-9H-purin-9-yl)-2,3-dihydroxy-/N-methylbicyclo[3.1.0]hexane-1-
carboxamide (25)

2-Chloro-5-ethynylthiophene (11.5 mg, 0.08 mmol) and TBTA (1 mg, 0.001 mmol) were added to a
solution of compound 37g (23 mg, 0.057 mmol) in a mixture of #-butanol (1 mL) and water (1 mL).
Subsequently freshly prepared 1M sodium ascorbate solution (58 pL, 0.05 mmol) followed by a
7.5% solution of copper sulfate (96 pL, 0.02 mmol) were added to the reaction mixture and the
mixture stirred at room temperature overnight. Solvent was evaporated and the residue was purified
on flash silica gel column chromatography (CH,Cl,:MeOH = 25:1) to give compound 25 (28 mg,
91%) as a light yellow powder."H NMR (DMSO, 400 MHz) & 9.23 (s, 1H), 8.55 (t, J = 5.6, 1H),
8.20 (s, 1H), 7.61-7.60 (m, 2H), 7.23 (d, J = 3.6 Hz, 1H), 5.38 (d, /= 4.4 Hz, 1H), 5.16 (t, J="7.2
Hz, 1H), 4.89 (d, J = 8.0 Hz, 1H), 4.80 (s, 1H), 4.04 (d, J = 5.2 Hz, 1H), 3.46 (s, 2H), 2.60 (d, J =
4.4 Hz, 3H), 1.89-1.86 (m, 1H), 1.56 (t, J = 4.8 Hz, 1H), 1.37-1.34 (m, 1H), 1.23-1.16 (m, 1H),
0.47-0.43 (m, 2H), 0.36-0.33 (m, 2H). HRMS calculated for Cy3HyNoO3;SCINa (M + Na) '
564.1309; found 564.1316.

(1S,2R,35,4R,5S5)-4-(2-(4-(5-chlorothiophen-2-yl)-1H-1,2,3-triazol-1-yl)-6-
((cyclobutylmethyl)amino)-9 H-purin-9-yl)-2,3-dihydroxy-/NV-methylbicyclo[3.1.0]hexane-1-
carboxamide (26)

Compound 26 (89%) was prepared from compound 37h following the same method for compound
25. "H NMR (DMSO, 400 MHz) & 9.21 (s, 1H), 8.46 (t, J = 5.6 Hz, 1H), 8.19 (s, 1H), 7.60-7.59 (m,
2H), 7.22 (d, J=4.0 Hz, 1H), 5.38 (d, /=4.4 Hz, 1H), 5.15 (t, /= 6.8 Hz, 1H), 4.89 (d, /= 3.6 Hz,
1H), 4.80 (s, 1H), 4.03 (t, /= 5.6 Hz, 1H), 3.63 (t, /= 5.2, 2H), 2.73-2.66 (m, 1H), 2.61 (d, J=4.8
Hz, 3H), 2.02-1.97 (m, 2H), 1.89-1.77 (m, 5H), 1.56 (t, J = 4.8 Hz, 1H), 1.37-1.34 (m, 1H). HRMS
calculated for C4H2sN9O3SCINa (M + Na) . 578.1466; found 578.1461.

(185,2R,35,4R,55)-4-(5-(4-(5-chlorothiophen-2-yl)-1H-1,2,3-triazol-1-yl)-7-(propylamino)-3 H-
imidazo[4,5-b|pyridin-3-yl)-2,3-dihydroxy-/N-methylbicyclo[3.1.0]hexane-1-carboxamide (29)

A solution of compound 31 (15 mg, 0.026 mmol) in methanol (2 mL) and 10% trifluromethane
sulfonic acid (2 mL) was heated at 70 °C for 5 h. Solvent was evaporated under vacuum and the
residue was purified on flash silica gel column chromatography (CH,Cl,:MeOH = 20:1) to give
compound 29 (11 mg, 78%) as a light yellow powder. 'H NMR (CD;0D, 400 MHz) & 9.03 (s, 1H),
8.11 (s, 1H), 7.44 (d, J = 4.0 Hz, 1H), 7.20 (s, 1H), 7.04 (d, J = 4.0 Hz, 1H), 5.07 (d, J = 5.6 Hz,
1H), 4.93 (s, 1H), 4.15 (d, J = 6.4 Hz, 1H), 3.46-3.44 (m, 2H), 2.78 (s, 3H), 2.27-2.23 (m, 1H),
1.89-1.76 (m, 3H), 1.45-1.41 (m, 1H), 1.00 (t, J = 7.6 Hz, 3H). HRMS calculated for
C3H6N303SCl (M + H) *: 529.1537; found 529.1545.

(3aR,3bS,4a8,5R,5a8)-5-(5-azido-7-(propylamino)-3H-imidazo[4,5-b]pyridin-3-yl)-V,2,2-
trimethyltetrahydrocyclopropa|3.4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxamide (30)



S17

Sodium ascorbate (1.2 mg, 0.006 mmol) and CuSO4.5H,0 (1 mg, 0.004 mmol) were added to a
mixture of compound 8¢ (16 mg, 0.031 mmol), NaN3 (4 mg, 0.061 mmol), L-Proline (1 mg, 0.006
mmol), Na,CO; (1 mg, 0.006 mmol) in ‘BuOH (0.5 mL)-H,O (0.5 mL) and heated at 100 °C for 1.5
h under microwave condition. The reaction mixture was quenched by addition of dilute ammonium
hydroxide solution and was extracted with ethylacetate. Combined organic layer was washed with
brine. The solution was dried (sodium sulfate), filtered and concentrated under vacuum. The crude
mixture was purified on flash silica gel column chromatography (CH,Cl,:MeOH = 35:1) to give the
azido derivative 30 (12.3 mg, 92%) as a glassy syrup. 'H NMR (CD;0D, 400 MHz) 6 8.01 (s, 1H),
5.90 (s, 1H), 5.73 (d, J = 6.0 Hz, 1H), 4.99 (s, 1H), 4.86 (d, J = 5.6 Hz, 1H), 3.27 (t, J = 6.8 Hz,
2H), 2.80 (d, J = 4.4 Hz, 3H), 2.24-2.20 (m, 1H), 1.74-1.69 (m, 2H), 1.57-1.53 (m, 4H), 1.43 (t, J =
5.2 Hz, 1H), 1.30 (s, 3H), 1.04 (t, J = 7.2 Hz, 3H). HRMS calculated for C0H,7NgO; (M + H)
427.2206; found 427.2207.

(3aR,3bS,4a8,5R,5aS5)-5-(5-(4-(5-chlorothiophen-2-yl)-1H-1,2,3-triazol-1-yl)-7-(propylamino)-
3H-imidazo[4,5-b]pyridin-3-yl)-V,2,2-trimethyltetrahydrocyclopropa [3,4]cyclopenta[1,2-
d][1,3]dioxole-3b(3aH)-carboxamide (31)

2-chloro-5-ethynylthiophene (6 mg, 0.042 mmol) and TBTA (1 mg, 0.001 mmol) were added to a
solution of compound 30 (13mg, 0.03 mmol) in a mixture of #butanol (I mL) and water (1 mL).
Subsequently freshly prepared 1M sodium ascorbate solution (31 pL, 0.03 mmol) followed by 7.5%
solution of copper sulfate (51 pL, 0.015 mmol) were added to the reaction mixture and the mixture
stirred at room temperature overnight. Solvent was evaporated and the residue was purified on flash
silica gel column chromatography (CH,Cl,:MeOH = 35:1) to give compound 31 (15.4 mg, 89%) as
a light yellow powder. 'H NMR (CD;0D, 400 MHz) & 9.01 (s, 1H), 8.14 (s, 1H), 7.60 (d, J = 4.0
Hz, 1H), 7.22 (s, 1H), 7.05 (d, J = 4.0 Hz, 1H), 5.89 (d, J = 7.6 Hz, 1H), 5.07 (s, 1H), 4.91 (d, J =
7.2 Hz, 1H), 3.44 (t, J = 6.8 Hz, 2H), 2.64 (s, 3H), 2.36-2.33 (m, 1H), 1.82-1.77 (m, 2H), 1.57-1.54
(m, 4H), 1.51 (t, J = 5.2 Hz, 1H), 1.30 (s, 3H), 1.09 (t, J = 7.6 Hz, 3H). HRMS calculated for
C26H20NgO3SCINa (M + Na) "z 591.1670; found 591.1675.

Ethyl (3aR,3bS,4aS,5R,5aS)-5-(6-(ethylamino)-2-iodo-9H-purin-9-yl)-2,2-
dimethyltetrahydrocyclopropa|3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxylate (33a)

Ethyl amine hydrochloride (0.122g, 1.5 mmol) and triethyl amine (0.5 mL, 2.99 mmol) were added
to a solution of compound 32 (0.151g, 0.299 mmol) in anhydrous methanol (5 mL) and the mixture
stirred at room temperature overnight. Solvent was evaporated under vacuum and residue was
purified on flash silica gel column chromatography (hexane:ethylacetate=1:1) to give compound
33a (0.135g, 88%) as colorless foamy solid. 'H NMR (CDsOD, 400 MHz) 6 7.94 (s, 1H), 5.82 (d, J
=7.2 Hz, 1H), 4.94 (s, 1H), 4.81 (d, J = 7.2 Hz, 1H), 4.33-4.24 (m, 2H), 3.56 (br s, 2H), 2.25-2.21
(m, 1H), 1.64-1.60 (m, 1H), 1.53 (s, 3H), 1.50 (t, J = 5.6 Hz, 1H), 1.29-1.23 (m, 6H). HRMS
calculated for C;9H,sNsO41 (M + H) 1 514.0948; found 514.0948.

Ethyl (3aR,3bS,4aS,5R,5a5)-5-(2-iodo-6-(propylamino)-9H-purin-9-yl)-2,2-
dimethyltetrahydrocyclopropa|3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxylate (33b)

Compound 33b (73%) was prepared from compound 32 following the same method for compound
33a. '"H NMR (CD;0D, 400 MHz) & 7.94 (s, 1H), 5.82 (d, J = 7.2 Hz, 1H), 4.94 (s, 1H), 4.80 (d, J
=7.2 Hz, 1H), 4.33-4.22 (m, 2H), 3.49 (br s, 2H), 2.25-2.21 (m, 1H), 1.71-1.61 (m, 3H), 1.53-1.50
(m, 4H), 1.34 (t, J = 6.8 Hz, 3H), 1.29 (s, 3H), 1.00 (t, J = 7.6 Hz, 3H). HRMS calculated for
Cy0H27N5041 (M + H) ™: 528.1108; found 528.1104.
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Ethyl (3aR,3bS,4aS,5R,5a5)-5-(6-(butylamino)-2-iodo-9H-purin-9-yl)-2,2-
dimethyltetrahydrocyclopropa|3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxylate (33¢)

Compound 33c (90%) was prepared from compound 32 following the same method for compound
33a. 'H NMR (CD;OD, 400 MHz) & 7.94 (s, 1H), 5.82 (d, J= 6.8 Hz, 1H), 4.94 (s, 1H), 4.80 (d, J
= 7.2 Hz, 1H), 4.32-4.25 (m, 2H), 3.53 (br s, 2H), 2.25-2.21 (m, 1H), 1.67-1.61 (m, 3H), 1.53-1.49
(m, 4H), 1.47-1.42 (m, 2H), 1.34 (t, /= 7.2 Hz, 3H), 1.29 (s, 3H), 0.99 (t, J = 7.2 Hz, 3H). HRMS
calculated for Cy HyoNsO4I (M + H) ": 542.1264; found 542.1267.

Ethyl (3aR,3bS,4aS5,5R,5a8)-5-(2-iodo-6-(isopropylamino)-9H-purin-9-yl)-2,2-
dimethyltetrahydrocyclopropa|3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxylate (33d)

Compound 33d (87%) was prepared from compound 32 following the same method for compound
33a. '"H NMR (CD;OD, 400 MHz) & 7.94 (s, 1H), 5.82 (d, J= 7.2 Hz, 1H), 4.94 (s, 1H), 4.80 (d, J
= 6.8 Hz, 1H), 4.43-4.25 (m, 2H), 3.48 (br s, 1H), 2.25-2.21 (m, 1H), 1.64-1.61 (m, 1H), 1.53-1.49
(m, 4H), 1.34 (t, J = 6.8 Hz, 3H), 1.30-1.28 (m, 9H). HRMS calculated for C2oH,7NsO4I (M + H) "
528.1108; found 528.1102.

Ethyl (3aR,3bS,4aS,5R,5aS)-5-(6-(cyclopropylamino)-2-iodo-9H-purin-9-yl)-2,2-
dimethyltetrahydrocyclopropa|3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxylate (33¢)

Compound 33e (82%) was prepared from compound 32 following the same method for compound
33a. 'H NMR (CD;OD, 400 MHz) & 7.95 (s, 1H), 5.83 (d, J= 6.8 Hz, 1H), 4.94 (s, 1H), 4.81 (d, J
= 6.8 Hz, 1H), 4.33-4.25 (m, 2H), 3.05 (br s, 1H), 2.25-2.21 (m, 1H), 1.65-1.61 (m, 1H), 1.53-1.50
(m, 4H), 1.34 (t, J = 7.2 Hz, 3H), 1.29 (s, 3H), 0.89-0.86 (m, 2H), 0.67-0.62 (m, 2H). HRMS
calculated for C,oH,5sNsO41 (M + H) :526.0951; found 526.0952.

Ethyl (3aR,3bS,4aS,5R,5a5)-5-(6-(cyclobutylamino)-2-iodo-9H-purin-9-yl)-2,2-
dimethyltetrahydrocyclopropa|3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxylate (33f)

Compound 33f (84%) was prepared from compound 32 following the same method for compound
33a. 'H NMR (CD;O0D, 400 MHz) & 7.95 (s, 1H), 5.82 (d, J = 6.4 Hz, 1H), 4.93 (s, 1H), 4.80 (d, J
= 6.0 Hz, 1H), 4.67 (br s, 1H), 4.33-4.26 (m, 2H), 2.46-2.38 (m, 2H), 2.25-2.20 (m, 1H), 2.10-2.02
(m, 2H), 1.83-1.80 (m, 2H), 1.65-1.61 (m, 1H), 1.53-1.49 (m, 4H), 1.34 (t, /= 7.2 Hz, 3H), 1.29 (s,
3H). HRMS calculated for C,;H,7N5041 (M + H) :540.1108; found 540.1099.

Ethyl (3aR,3bS,4aS,5R,5a8)-5-(6-((cyclopropylmethyl)amino)-2-iodo-9 H-purin-9-yl)-2,2-
dimethyltetrahydrocyclopropa|3.4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxylate (33g)

Compound 33g (83%) was prepared from compound 32 following the same method for compound
33a. "H NMR (CD;0D, 400 MHz) & 7.95 (s, 1H), 5.82 (d, J = 6.4 Hz, 1H), 4.94 (s, 1H), 4.80 (d, J =
7.2 Hz, 1H), 4.31-4.22 (m, 2H), 3.39 (br s, 2H), 2.26-2.21 (m, 1H), 1.65-1.61 (m, 1H), 1.53-1.50
(m, 4H), 1.34 (t,J = 7.2 Hz, 3H), 1.29 (s, 3H), 0.98-0.90 (m, 1H), 0.57-0.52 (m, 2H), 0.35-0.32 (m,
2H). HRMS calculated for C,;H27NsO41 (M + H) :540.1108; found 540.1116.

Ethyl (3aR,3bS,4aS,5R,5a5)-5-(6-((cyclobutylmethyl)amino)-2-iodo-9 H-purin-9-yl)-2,2-
dimethyltetrahydrocyclopropal3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxylate (33h)

Compound 33h (81%) was prepared from compound 32 following the same method for compound
33a. 'H NMR (CD;OD, 400 MHz) & 7.94 (s, 1H), 5.82 (d, J= 7.2 Hz, 1H), 4.93 (s, 1H), 4.80 (d, J
= 6.4 Hz, 1H), 4.32-4.22 (m, 2H), 3.55 (br s, 2H), 2.25-2.21 (m, 1H), 2.15-2.07 (m, 2H), 1.96-1.80
(m, 4H), 1.72-1.61 (m, 2H), 1.53-1.48 (m, 4H), 1.34 (t, J = 7.2 Hz, 3H), 1.29 (s, 3H). HRMS
calculated for C,oHy9N5041 (M + H) 1 554.1264; found 554.1259.
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(3aR,3bS,4a8,5R,5aS5)-5-(6-(ethylamino)-2-iodo-9 H-purin-9-yl)-/V,2,2-
trimethyltetrahydrocyclopropa|3.4]cyclopenta|1,2-d][1,3]dioxole-3b(3aH)-carboxamide (34a)
40% Methyl amine solution (3 mL) was added to a solution of compound 33a (0.130, 0.25 mmol)
in methanol (3 mL) and the mixture stirred at room temperature for 24 h. Solvent was evaporated
under vacuum and the residue was purified on flash silica gel column chromatography
(CH,Cl,:MeOH=35:1) to give compound 34a (0.101g, 80%) as a white powder. "H NMR (CD;OD,
400 MHz) 6 7.96(s, 1H), 5.72 (d, /= 6.0 Hz, 1H), 4.92 (s, 1H), 4.83 (d, /= 5.6 Hz, 1H), 3.56 (br s,
2H), 2.90 (s, 3H), 2.15-2.11 (m, 1H), 1.53-1.49 (m, 4H), 1.38 (t, /= 5.2 Hz, 1H), 1.30 (s, 3H), 1.27
(t,J=7.2 Hz, 3H). HRMS calculated for CsH»N¢O3I (M + H) ": 499.0949; found 499.0952.

(3aR,3bS,4a8,5R,5a5)-5-(2-iodo-6-(propylamino)-9 H-purin-9-yl)-N,2,2-trimethyltetrahydro
cyclopropal3,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxamide (34b)

Compound 34b (75%) was prepared from compound 33b following the same method for compound
34a. '"H NMR (CD;0D, 400 MHz) & 7.96 (s, 1H), 5.73 (d, J = 6.0 Hz, 1H), 4.93 (s, 1H), 4.84 (d, J =
6.0 Hz, 1H), 3.49 (br s, 2H), 2.90 (s, 3H), 2.15-2.11 (m, 1H), 1.73-1.66 (m, 2H), 1.54-1.49 (m, 4H),
1.39 (t, J = 5.6 Hz, 1H), 1.30 (s, 3H), 1.00 (t, J = 7.6 Hz, 3H). HRMS calculated for C;9H,6N¢O;I
(M+H)":513.1111; found 513.1114.

(3aR,3bS,4a8,5R,5a5)-5-(6-(butylamino)-2-iodo-9H-purin-9-yl)-VN,2,2-
trimethyltetrahydrocyclopropa|3.4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxamide (34c)

Compound 34c¢ (68%) was prepared from compound 33¢ following the same method for compound
34a. "H NMR (CD;OD, 400 MHz) & 7.96 (s, 1H), 5.72 (d, J= 7.2 Hz, 1H), 4.92 (s, 1H), 4.84 (d, J
= 7.6 Hz, 1H), 3.53 (br s, 2H), 2.90 (s, 3H), 2.14-2.11 (m, 1H), 1.66-1.61 (m, 2H), 1.54-1.47 (m,
4H), 1.45-1.38 (m, 3H), 1.30 (s, 3H), 0.99 (t, J = 7.2 Hz, 3H). HRMS calculated for CyoH23sN¢Osl
(M +H) ": 527.1268; found 527.1277.

(3aR,3bS,4a8,5R,5a85)-5-(2-iodo-6-(isopropylamino)-9H-purin-9-yl)-N,2,2-
trimethyltetrahydrocyclopropa|3.4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxamide (34d)

Compound 34d (76%) was prepared from compound 33d following the same method for compound
34a. "H NMR (CD;O0D, 400 MHz) & 7.96 (s, 1H), 5.71 (d, J = 6.8 Hz, 1H), 4.92 (s, 1H), 4.80 (d, J
= 5.2 Hz, 1H), 4.37 (br s, 1H), 2.90 (s, 3H), 2.14-2.10 (m, 1H), 1.54-1.49 (m, 4H), 1.39 (t, /= 5.2
Hz, 1H), 1.30-1.28 (m, 9H). HRMS calculated for C;9HsNgO3;I (M + H) " 513.1111; found
513.1118.

(3aR,3bS,4a8,5R,5aS5)-5-(6-(cyclopropylamino)-2-iodo-9H-purin-9-yl)-/V,2,2-
trimethyltetrahydrocyclopropa|3.4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxamide (34¢)

Compound 34e (74%) was prepared from compound 33e following the same method for compound
34a. '"H NMR (CD;O0D, 400 MHz) & 7.97 (s, 1H), 5.72 (d, J = 7.2 Hz, 1H), 4.93 (s, 1H), 4.84 (d, J
= 7.2 Hz, 1H), 3.05 (br s, 1H), 2.90 (s, 3H), 2.14-2.11 (m, 1H), 1.54-1.49 (m, 4H), 1.39 (t, J=5.2
Hz, 1H), 1.30 (s, 3H), 0.89-0.84 (m, 2H), 0.68-0.59 (m, 2H). HRMS calculated for C;9H4NO;1 (M
+H) " 511.0955; found 511.0956.

(3aR,3bS,4a8,5R,5aS5)-5-(6-(cyclobutylamino)-2-iodo-9H-purin-9-yl)-N,2,2-
trimethyltetrahydrocyclopropa|3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxamide (34f)

Compound 34f (72%) was prepared from compound 33f following the same method for compound
34a. '"H NMR (CD;OD, 400 MHz) & 7.97 (s, 1H), 5.71 (d, J = 6.4 Hz, 1H), 4.92 (s, 1H), 4.83 (d, J
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= 6.0 Hz, 1H), 4.66 (br s, 1H), 2.89 (s, 3H), 2.45-2.38 (m, 2H), 2.14-2.02 (m, 3H), 1.82-1.78 (m,
2H), 1.53-1.48 (m, 4H), 1.38 (t, J = 5.2 Hz, 1H), 1.30 (s, 3H). HRMS calculated for CgHsNsO;l
(M +H) ": 525.1111; found 525.1101.

(3aR,3bS,4a8,5R,5a5)-5-(6-((cyclopropylmethyl)amino)-2-iodo-9H-purin-9-yl)-N,2,2-
trimethyltetrahydrocyclopropa|3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxamide (34g)

Compound 34g (74%) was prepared from compound 33g following the same method for compound
34a. '"H NMR (CD;OD, 400 MHz) & 7.97 (s, 1H), 5.72 (d, J = 6.8 Hz, 1H), 4.93 (s, 1H), 4.84 (d, J
= 7.2 Hz, 1H), 3.38 (br s, 2H), 2.90 (s, 3H), 2.15-2.11 (m, 1H), 1.54-1.49 (m, 4H), 1.39 (t, J=5.2
Hz, 1H), 1.30 (s, 3H), 1.18-1.10 (m, 1H), 0.57-0.52 (m, 2H), 0.35-0.31 (m, 2H). HRMS calculated
for C20Ha26NgO3I (M + H) "1 525.1111; found 525.1107.

(3aR,3bS,4a8,5R,5aS5)-5-(6-((cyclobutylmethyl)amino)-2-iodo-9H-purin-9-yl)-N,2,2-
trimethyltetrahydrocyclopropa|3.4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxamide (34h)

Compound 34h (76%) was prepared from compound 33h following the same method for compound
34a. '"H NMR (CD;O0D, 400 MHz) & 7.96 (s, 1H), 5.72 (d, J = 6.4 Hz, 1H), 4.92 (s, 1H), 4.83 (d, J
= 6.0 Hz, 1H), 3.55 (br s, 2H), 2.90 (s, 3H), 2.70-2.62 (m, 1H), 2.15-2.11 (m, 3H), 1.96-1.90 (m,
2H), 1.87-1.80 (m, 2H), 1.54-1.49 (m, 4H), 1.39 (t, J = 5.2 Hz, 1H), 1.30 (s, 3H). HRMS calculated
for C21H28N603I (M + H) +Z 539. 12621, found 539.12628.

(3aR,3bS,4a8,5R,5a5)-5-(2-((5-chlorothiophen-2-yl)ethynyl)-6-(ethylamino)-9 H-purin-9-yl)-
N,2,2-trimethyltetrahydrocyclopropal3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxamide
(35a)

PdCl,(PPhs), (9.3 mg, 0.013 mmol), Cul (1.27 mg, 0.006 mmol), 2-chloro-5-ethynylthiophene (57
mg, 0.399 mmol) and triethylamine (0.09 mL, 0.66 mmol) were added to a solution of compound
34a (33.2 mg, 0.066 mmol) in anhydrous DMF (1.2 mL), and the mixture stirred at room
temperature overnight. Solvent was evaporated under vacuum and the residue purified on flash
silica gel column chromatography (CH,Cl,:MeOH = 35:1) to give compound 35a (25 mg, 73%) as
a yellow syrup. '"H NMR (CD;OD, 400 MHz) § 8.14 (s, 1H), 7.37 (d, J = 4.0 Hz, 1H), 7.03 (d, J =
4.0 Hz, 1H), 5.79 (d, J= 6.0 Hz, 1H), 5.01 (s, 1H), 4.85 (d, J= 5.6 Hz, 1H), 3.65 (br s, 2H), 2.82 (s,
3H), 2.15-2.13 (m, 1H), 1.57-1.53 (m, 4H), 1.42 (t, J = 5.2 Hz, 1H), 1.33-1.29 (m, 6H). HRMS
calculated for Co4HysNgO3SCl (M + H) ™: 513.1476; found 513.1476.

(3aR,3bS,4a8,5R,5a5)-5-(2-((5-chlorothiophen-2-yl)ethynyl)-6-(propylamino)-9 H-purin-9-yl)-
N,2,2-trimethyltetrahydrocyclopropa|3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxamide
(35b)

Compound 35b (90%) was prepared from compound 34b following the same method for compound
35a. 'H NMR (CD;OD, 400 MHz) & 8.15 (s, 1H), 7.38 (d, J = 4.0 Hz, 1H), 7.03 (d, J = 4.0 Hz, 1H),
5.78 (d, J=17.2 Hz, 1H), 5.02 (s, 1H), 4.85 (d, J = 6.0 Hz, 1H), 3.58 (br s, 2H), 2.82 (s, 3H), 2.17-
2.13 (m, 1H), 1.75-1.70 (m, 2H), 1.57-1.53 (m, 4H), 1.42 (t, /= 5.2 Hz, 1H), 1.30 (s, 3H), 1.03 (t, J
= 7.6 Hz, 3H). HRMS calculated for C»sHxsNgO3 SC1 (M + H) ": 527.1632; found 527.1632.

(3aR,3bS,4a8,5R,5aS5)-5-(6-(butylamino)-2-((5-chlorothiophen-2-yl)ethynyl)-9 H-purin-9-yl)-
N,2,2-trimethyltetrahydrocyclopropal3.,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-carboxamide
(35¢)
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Compound 35¢ (93%) was prepared from compound 34¢ following the same method for compound
35a. '"H NMR (CD;0D, 400 MHz) & 8.14 (s, 1H), 7.38 (d, J = 4.0 Hz, 1H), 7.03 (d, J= 4.0 Hz, 1H),
5.78 (d, J = 6.8 Hz, 1H), 5.02 (s, 1H), 4.85 (d, /= 7.2 Hz, 1H), 3.61 (br s, 2H), 2.82 (s, 3H), 2.17-
2.13 (m, 1H), 1.71-1.67 (m, 2H), 1.55-1.47 (m, 4H), 1.45-1.41 (m, 3H), 1.30 (s, 3H), 1.00 (t, J=7.2
Hz, 3H). HRMS calculated for C,cH30NgO3SCl (M + H) 1 541.1789; found 541.1796.

(3aR,3bS,4aS,5R,5a5)-5-(2-((5-chlorothiophen-2-yl)ethynyl)-6-(isopropylamino)-9H-purin-9-
yD)-N,2,2-trimethyltetrahydrocyclopropal3.4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-
carboxamide (35d)

Compound 35d (95%) was prepared from compound 34d following the same method for compound
35a. "H NMR (CD;0D, 400 MHz) & 8.15 (s, 1H), 7.37 (d, J= 4.0 Hz, 1H), 7.03 (d, J= 4.0 Hz, 1H),
5.78 (d, J = 6.0 Hz, 1H), 5.02 (s, 1H), 4.85 (d, J = 5.2 Hz, 1H), 4.52 (br s, 1H), 2.82 (s, 3H), 2.17-
2.12 (m, 1H), 1.57-1.53 (m, 4H), 1.42 (t, J = 5.2 Hz, 1H), 1.33 (s, 3H), 1.30 (d, J = 2.4 Hz, 6H),.
HRMS calculated for C,5H2sNsO3SCl (M + H) . 527.1632; found 527.1636.

(3aR,3bS,4aS,5R,5a8)-5-(2-((5-chlorothiophen-2-yl)ethynyl)-6-(cyclopropylamino)-9H-purin-
9-y1)-N,2,2-trimethyltetrahydrocyclopropa|3,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-
carboxamide (35e)

Compound 35e (96%) was prepared from compound 34e following the same method for compound
35a. '"H NMR (CD;0D, 400 MHz) & 8.16 (s, 1H), 7.39 (d, J = 4.0 Hz, 1H), 7.04 (d, J= 4.0 Hz, 1H),
5.79 (d, J=17.6 Hz, 1H), 5.02 (s, 1H), 4.86 (d, /= 7.2 Hz, 1H), 3.06 (br s, 1H), 2.82 (s, 3H), 2.17-
2.13 (m, 1H), 1.58-1.52 (m, 4H), 1.43 (t,J = 5.2 Hz, 1H), 1.31 (s, 3H), 0.96-0.89 (m, 2H), 0.69-0.64
(m, 2H). HRMS calculated for C,5H,sNgO3SCl (M + H) 1 525.1476; found 525.1481.

(3aR,3bS,4aS,5R,5a5)-5-(2-((5-chlorothiophen-2-yl)ethynyl)-6-(cyclobutylamino)-9H-purin-9-
yD-N,2,2-trimethyltetrahydrocyclopropal3.4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-
carboxamide (35f)

Compound 35f (83%) was prepared from compound 34f following the same method for compound
35a. '"H NMR (CD;O0D, 400 MHz) & 8.14 (s, 1H), 7.38 (d, J= 4.0 Hz, 1H), 7.03 (d, J= 4.0 Hz, 1H),
5.78 (d, J=17.2 Hz, 1H), 5.01 (s, 1H), 4.84 (d, J = 6.0 Hz, 1H), 4.79 (br s, 1H), 2.82 (s, 3H), 2.49-
2.44 (m, 2H), 2.16-2.08 (m, 3H), 1.86-1.80 (m, 2H), 1.57-1.53 (m, 4H), 1.42 (t, J = 5.2 Hz, 1H),
1.30 (s, 3H). HRMS calculated for CyH2sNO3SCI (M + H) :539.1632; found 539.1622.

(3aR,3bS,4aS,5R,5a8)-5-(2-((5-chlorothiophen-2-yl)ethynyl)-6-((cyclopropylmethyl)amino)-
9H-purin-9-yl)-NV,2,2-trimethyltetrahydrocyclopropa[3,4]cyclopenta[1,2-d]|[1,3]dioxole-
3b(3aH)-carboxamide (35g)

Compound 35g (81%) was prepared from compound 34g following the same method for compound
35a. '"H NMR (CD;0D, 400 MHz) & 8.16 (s, 1H), 7.37 (d, J = 4.0 Hz, 1H), 7.02 (d, J= 4.0 Hz, 1H),
5.78 (d, J = 6.8 Hz, 1H), 5.02 (s, 1H), 4.88 (d, /= 7.2 Hz, 1H), 3.47 (br s, 2H), 2.82 (s, 3H), 2.17-
2.13 (m, 1H), 1.57-1.53 (m, 4H), 1.42 (t,J = 5.2 Hz, 1H), 1.31 (s, 3H), 1.21-1.14 (m, 1H), 0.59-0.54
(m, 2H), 0.36-0.32 (m, 2H). HRMS calculated for C;sHsNqO5SCI (M + H) . 539.1632; found
539.1625.

(3aR,3bS,4a8,5R,5aS5)-5-(2-((5-chlorothiophen-2-yl)ethynyl)-6-((cyclobutylmethyl)amino)-9 H-
purin-9-yl)-N,2,2-trimethyltetrahydrocyclopropal3,4]cyclopenta[1,2-d][1,3]dioxole-3b(3aH)-
carboxamide (35h)
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Compound 35h (97%) was prepared from compound 34h following the same method for compound
35a. '"H NMR (CD;0D, 400 MHz) & 8.13 (s, 1H), 7.38 (d, J = 4.0 Hz, 1H), 7.03 (d, J = 4.0 Hz, 1H)
5.78 (d, J = 6.8 Hz, 1H), 5.01 (s, 1H), 4.85 (d, /= 6.0 Hz, 1H), 3.64 (br s, 2H), 2.82 (s, 3H), 2.75-
2.67 (m, 1H), 2.16-2.11 (m, 3H), 1.99-1.92 (m, 2H), 1.89-1.83 (m, 2H), 1.56-1.53 (m, 4H), 1.42 (t,
J =5.2 Hz, 1H), 1.30 (s, 3H). HRMS calculated for C,;H3,NgO3;SCl (M + H) . 553.1789; found
553.1795.

(1S,2R,3S,4R,55)-4-(6-((cyclopropylmethyl)amino)-2-iodo-9H-purin-9-yl)-2,3-dihydroxy-/V-
methylbicyclo[3.1.0]hexane-1-carboxamide (36g)

Compound 36g (91%) was prepared from compound 34g following the same method for compound
11. "H NMR (CD;0D, 400 MHz) & 7.97 (s, 1H), 5.11 (d, J = 6.8 Hz, 1H), 4.80 (s, 1H), 4.00 (d, J =
5.2 Hz, 1H), 3.40 (br s, 2H), 2.90 (s, 3H), 2.06-2.02 (m, 1H), 1.80 (t, /= 5.2 Hz, 1H), 1.38-1.34 (m,
1H), 1.18-1.10 (m, 1H), 0.56-0.53 (m, 2H), 0.35-0.32 (m, 2H). HRMS calculated for C,7H22NsOsl
(M + H) ": 485.0798; found 485.0793.

(18,2R,35,4R,55)-4-(6-((cyclobutylmethyl)amino)-2-iodo-9H-purin-9-yl)-2,3-dihydroxy-/NV-
methylbicyclo[3.1.0]hexane-1-carboxamide (36h)

Compound 36h (93%) was prepared from compound 34h following the same method for compound
11. '"H NMR (CD;0D, 400 MHz) & 7.97 (s, 1H), 5.11 (d, J = 6.8 Hz, 1H), 4.80 (s, 1H), 4.00 (d, J =
6.4 Hz, 1H), 3.56 (br s, 2H), 2.90 (s, 3H), 2.70-2.65 (m, 1H), 2.13-2.07 (m, 2H), 2.05-2.02 (m, 1H),
1.97-1.91 (m, 2H), 1.87-1.79 (m, 3H), 1.38-1.34 (m, 1H). HRMS calculated for C;sH24N¢O31 (M +
H) ": 499.0955; found 499.0948.

(18,2R,35,4R,55)-4-(2-azid0-6-((cyclopropylmethyl)amino)-9 H-purin-9-yl)-2,3-dihydroxy-N-
methylbicyclo[3.1.0]hexane-1-carboxamide (37g)

Sodium ascorbate (6.5 mg, 0.032 mmol) and CuSO4.5H,0 (4.1 mg, 0.016 mmol) were added to a
mixture of compound 36g (80 mg, 0.165 mmol), NaN3 (21.5 mg, 0.33 mmol), L-Proline (3.8 mg,
0.033 mmol), Na,CO; (3.5 mg, 0.033 mmol) in ‘BuOH (1.2 mL)-H,O (1.2 mL) and heated at 65 °C
overnight. The reaction mixture was quenched by addition of dilute ammonium hydroxide solution
and was extracted with ethylacetate (5 times). Combined organic layer was washed with brine. The
solution was dried (sodium sulfate), filtered and concentrated under vacuum. The crude mixture
was purified on flash silica gel column chromatography (CH,Cl,:MeOH = 25:1) to give the azido
derivative 37g (51 mg, 78%) as a syrup. '"H NMR (CD;0D, 400 MHz) & 7.97 (s, 1H), 5.03 (d, J =
6.8 Hz, 1H), 4.76 (s, 1H), 4.01 (d, /= 5.6 Hz, 1H), 3.44 (d, J = 5.6 Hz, 2H), 2.86 (s, 3H), 2.07-2.04
(m, 1H), 1.81 (t, J = 5.2 Hz, 1H), 1.38-1.34 (m, 1H), 1.20-1.15 (m, 1H), 0.59-0.54 (m, 2H), 0.36-
0.32 (m, 2H). HRMS calculated for C;7H,,NgO3 (M + H) 1 400.1846; found 400.1844.

(18,2R,35,4R,55)-4-(2-azid0-6-((cyclobutylmethyl)amino)-9H-purin-9-yl)-2,3-dihydroxy-/NV-
methylbicyclo[3.1.0]hexane-1-carboxamide (37h)

Compound 37h (81%) was prepared from compound 36h following the same method for compound
37g. '"H NMR (CD;0D, 400 MHz) & 7.96 (s, 1H), 5.03 (d, J = 6.8 Hz, 1H), 4.76 (s, 1H), 4.00 (d, J
= 5.2 Hz, 1H), 3.61 (d, J = 6.4, 2H), 2.86 (s, 3H), 2.73-2.66 (m, 1H), 2.14-2.10 (m, 2H), 2.07-2.04
(m, 1H), 1.97-191 (m, 2H), 1.88-1.79 (m, 3H), 1.38-1.34 (m, 1H). HRMS calculated for
C1sH24NoO3 (M + H) ": 414.2002; found 414.2003.

7-Chloro-3-(4-methoxybenzyl)-3H-imidazo[4,5-b]pyridin-5-amine (39)
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PMBCI (0.56 mL, 4.15 mmol) and TBAF (4.15 ml of 1M solution in THF, 4.15 mmol) were added
to a solution of compound 38 (350 mg, 2.07, mmol) in DMF (10 mL) and the mixture stirred for 1hr
at room temperature. After completion of reaction, water was added into it, and the aqueous layer
was extracted with ethyl acetate. The organic layer was dried (sodium sulfate), filtered and
concentrated under vacuum. The residue was purified on flash silica gel column chromatography
(hexane:ethyl acetate = 1:2) to give compound 39 (306 mg, 51%) as a syrup. 'H NMR (CD;OD,
400 MHz) & 7.97 (s, 1H), 7.27 (d, J = 8.8 Hz, 2H), 6.88 (d, J = 8.8 Hz, 2H), 6.59 (s, 1H), 5.28 (s,
2H), 3.76 (s, 3H). HRMS calculated for C1,H;3N,OCI (M + H) ": 288.7350; found 288.7346.

7-Chloro-5-iodo-3-(4-methoxybenzyl)-3H-imidazo[4,5-b]pyridine (40)

Cul (221 mg, 1.16 mmol), iodine (268 mg, 1.05 mmol), CH,I, (0.85 mL, 10.5 mmol) and isoamyl
nitrite (0.42 mL, 3.17 mmol) were added to a solution of compound 39 (306 mg, 1.05 mmol) in dry
THF (15 mL) and the mixture refluxed at 80 °C for 1 h. Water was added to the reaction mixture,
and the aqueous layer was extracted with ethyl acetate. The combined organic layer was washed
with saturated sodium bisulfite solution followed by brine. The solution was dried (sodium sulfate),
filtered and evaporated under vacuum. The residue was purified on flash silica gel column
chromatography (hexane:ethyl acetate = 1:1) to give compound 40 (407 mg, 96%) as a colorless
powder. "H NMR (CD;OD, 500 MHz) & 8.41 (s, 1H), 7.80 (s, 1H), 7.35 (d, J = 8.8 Hz, 2H), 6.91

(d, J = 8.8 Hz, 2H), 5.43 (s, 2H), 2.85 (s, 3H). HRMS calculated for C4H;;N;OCII (M + H)
399.9714; found 399.9713.

Table of physicochemical properties.

Compound MW cLogP? tPSA?
(D) (A%
10° 459 2.17 122
11° 473 2.71 122
12 487 3.23 122
13 501 3.76 122
14 487 3.01 122
15 485 2.76 122
16 499 3.09 122
17 499 3.15 122
18 513 3.71 122
19 458 2.96 110
20 472 3.49 110
27° 542 3.10 150
28 612 435 150

“Calculated using ChemBioDraw, v. 14.0.
’Data from Tosh et al., 2014, 2015.%5



Representative 'H-NMR and Mass Spectra
Compound 11 (MRS7135)
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3523723
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Elemental Composition Report

Monoisotopic Mass, Even Electron lons
149 formulale) evaluated with 4 results within limils (up to 50 closest results for each mass)

Elements Used:
C:0-100 H:0-100 M:66 0:0-24 S:11 Cl1-1
24-hug2014
cht-21aug14-6-51 58 (1.627)Cn (Cen, 1, S0.00, Ar) Sm (SG, 365.00) Sb (12,500 ) Cm (88-10413.000) TOF MS ES+
1.19e+003
73
“
4750
4141
1 76,1
; b 1A
1 P2 ara ass %88 AME || | ¢ ws BT 407 47 481 g
T T T LR T (I * e T e N - miz
4550 4575 4B00  06R5  A6B0 4675 400 4725 470 4T 4800 4825 4850 4675 4MO0 4925 W50 4975
Minimum: -50.0
Maximm: 10.0 10.0 500.0
Mass Calc. Mass mba 3-FIT Formula
473.1166  473.1163 0.3 1.5 H22 W6 03 § €17
473.1128 3.8 97.1 HID WG 016 § €1
4731221 -5.5 19.8 HIE W6 0B 5 €1
1731069 3.7 41,8 HIE W6 011 5 C1




Compound 12 (MRS7154)
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Monoisotopic Mass, Even Electron lons
199 formulafe) evaluated with 4 results within limits (up to 50 closest results for each mass}

Elements Used:
C:0-100 H:0-200 N:6-6 ©:0-30 S:1-1 Cl: 11
28-Dec-2014
dkt-20dect4-xi21 151 (2.792) Cn (Cen.5, 50,00, Ar); Sm (SG, 2x3.00); Sb (12,5.00 ) TOF MS ES+
1.45e+003
100
Yo
475.9 1.9
T miz
476.0 478.0 480.0 482.0 484.0 486.0 488.0 . ! 496.0 500.0 502.0
[CERRR T -50.0
Maximum: 10.0 10.0 500.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
487.1312 487.1319% -0.7 ~1.4 I3.5 3.1 c22 H24 N6 03 5 Cl
487.1284 2.8 5.7 -B.5 13 c4 H32 Ne 016 5 Cl
487.1378 -6.6 -13.5 4.5 23.9 Cci5 H28 W6 08 5 Cl
487.1225 8.7 .5 0.5 4B.5 cll H28 W6 o011 5 Cl
Me
N
/N XN
o < |
Vi
N
MeHNC NT O S
|
OH ©OH

Compound 12



Compound 16 (MRS7153)

DKT-XII—20

S27

T ¥
T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 ppm
s 2 8 dgs  fg =R
= =1 ~llala S = o il les -
Monoisotopic Mass, Even Eleciron lons
206 formudlale) evaluzied with 4 results witin limits (up to 50 dlosest resuts for each mess)
Elemenis Usad:
C:0-00 H:0-200 M6 0:0-30 S:11 Gl
28 ec-20
dil-28dec46-20 38 (0703 Cn [Cen 5, 50.00, Ark Sm (SG, 23D So{12,5.00 | Sr {36, 3¢5.00}; Cm |33-8523.000) TOF M5 ES+
216+003
10 291
5011
5,’,.
02
5031
I i SR : & A e G R b S AR BT s AR R Sl SRR I "l"l'-l T M
48000 40950 000 500,50 501.00 50150 50200 250 5.0 50350
Minimm: -50.0
Manimm: 10,0 10.0 5000
Hass Calec. Mass ma F DBE i-FIT Foromuala
499,1322  49%.1319 0.3 0.6 1.5 210.5 23 H?4 W6 03 5 CL-
499,1284 3.8 1.6 -1.5 537.3 C5 B32 W6 016 S5 CL
19491278 -2.b -11.% 5.9 31%.6 Cls HPA W6 OB S Ci
4%9.1225 5.7 1%.4 1.5 398.1 £12 H2A We 011 § Cl
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29-Dec-2014
dkt-29dec14-xii-20 37 (0.684) Sm (SG, 3x5.00); Cm (37-82x3.000) TOF MS ES+
100 499.1 623
500.1
5,01 % |
-0\0,
502.1
1503.1
O T i i T T T T T T T T T T T ' Mz
100 200 300 400 S00 600 700 800 200 1000



Compound 18 (MRS7147)

DKT-XII-12
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Compound 18
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Monoisotopic Mass, Even Electron lons
148 formula(e) evaluated with 7 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-100 H:0-200 N:6-6 0:0-12 S:1-1 Ch1-1
18-Dec-2014
dit-16dec14-xi-12 79 {1.461) Cn (Cen.5, 50.00, Ar); Sm (SG, 3x5.00); Sb (12,5.00 ) TOF MS ES+
1.14e+003
1 §13.1
14
b 2 15.1
16.2
513
493.4495.4 500.4 s07.4 108 (\} .'5"'25“*‘2521-4523-5(524.4 533 59515375534 5434 547.3549.65915 5669 5554
T AU SRR s RN RN B ,‘.\ﬁﬁ,.'..-'r;a *..L,(",‘Hﬁ A RAARE REESS ,\i'..J,.. e LN RARAN ] e A AR miz
495.0 500.0 505.0 510.0 515.0 520.0 §25.0 530.0 535.0 540.0 545.0 550.0 555.0
Minimum: -50.,0
Maximum: 25.0 10.0 500.0
Mass Calc., Mass mba PPM DBE i~FIT Formula
513.1470  513.1476 -0.6 -1.2 14.5 44.3 c24 H26 N6 03 5 Cl 7
513.1534 -6.4 -12.5 5.5 86.2 cl17 H30 W6 08 S Cl
513.1382 B.48 iT.1 1.5 118.5 Ccl3 H30 N6 011 S Cl
513.1323 14.7 28.6 10.5 72.0 Ccz0 H2Z6 N6 06 S Cl
513.1628 -15.8 -30.8 18.5 32.6 C28 H26 N6 S5 Cl
513.1264 20.6 40.1 19,5 12.4 Cc27 H22 N6 O S8 Cl
513.1687 -21.7 -42.3 9.5 69.8 Cc21 H30 M6 ©5 S Cl
HN
N
s N
0 < |
MeHNC N
e
X S
7 cl
OH OH \ /

Compound 18



Compound 19 (MRS7140)

DET=XI-56-1

S31

f
&, | | oy
T T T

Monoisotopic Mass, Even Electron lons
178 formula(e) evaluated with & results within fimits {up to 50 closest results for each mass)

Elements Used:
C:0-00 H:0-125 N:55 0:0-24 S:1-1 Cht-d
(3-Sep-2014
dki-03sep1d-xi-56 89 (1.645) Cn (Cen,11, 50.00, Arf Sm (SG, 35,000, Sb(12,5.00)
y 4581
Yot 460.1
] 1591
w3 w89 ‘L 46|1'1«32.1
i ML LA AR T s ALY KARd A2 ool At LA e Al KL AAR g
4420 4440 4460 4480 450.0 4520 4540 4560 458.0 460.0 46210 464.0 4550
Minimum: -50.0
Maximum: 20.0 10.0 500.0
Mass Calc. Mass mba EEM LER 1-FIT Formila
158,1055 456, 1054 0.1 0.2 3.4 1.1 cel W2l W5 03 § Cl
458.101% 3.6 T -8.5 168.1 C3 HZ9 N5 0l6 8 Cl
459.1112 =51 -12.4 4.5 32.5 Ccl14 H25 N5 08 5 Cl
458, 0960 9.5 20,17 0.5 72.0 ¢cl0 H2S W5 011 § €
458.,1171 -11.6 -25.3 4.5 110.2 C7 H29 W5 013 5 Cl
458.1206 -15.1 -33.0 i1.5 12.1 €25 HZL W5 5 Cl
158, 0801 15.4 33.6 4.5 24,9 ci7 H21 N5 C8 5 Cl
458.1230 -17.5 38,2 -13.5  236.3 H33 N5 018 § Cl

TOF M3 ES*
2.08e+003

478

| 4729
[rererT i

T
4680 4700 4720
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Compound 20 (MRS7144)
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Monoisotopic Mass, Even Electron lons

108 formula(e) evaluated with 4 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-100 H:0-200 N:5-5 0:0-30 S:1-1 Cl1-1

04-Dec-2014
dkt-Dédect 4-xii-4 53 (0.980) Cn (Cen,5, 50.00, Ar); Sm (SG, 3x5.00), Sb {12,5.00 ) TOF MS ES+
1.73e+003
100 4721
% 474.1
4731
4751476 1
4423 # i | f 481.3 483.3 4983 500.4
o T T T T T Ui iy R L R FABUS I R | B e - miz
4450 450.0 455.0 460.0 485.0 470.0 475.0 480.0 486.0 490.0 495.0
Minimum: =50.0
Maximum: 10.0 10.0 500.0
Mass Calc. Mass mDa PEM DBE i-FIT Formula
472,1214 472.1210 0.4 0.8 13.5 1.3 C22 H23 N5 03 8 Cl/
472,1175 3.3 8.3 =-8.5 122.0 cd H31 N5 016 S Cl
472.1269 =5.8 -11.6 4.5 19.2 Cl5 H27 N5 08 S Cl
472.1116 9.8 20.8 0.5 49.3 Cll H27 ¥5 011 S5 CI
N Nme
N AN
0 </ |
I N L
MeHNC N Q s
TR, cl

o L/

Compound 20



Compound 25 (MRS7162)
BRT-XII-63 \
\ Cl
MeHNC \\ i
N
| AN \
N=y
OH OH
Compound 25

RO

S34

NAME DKT-XIXI—€
EXPNC

PROCNO

Date_ 2015031
Time 15..5
INSTRUM spec
PROBHD 5 mm PABRO BE
PULPROG zz
TD 6552
SOLVENT DME
NS 1
DS

SWH 8223.6€
FIDRES 0.1254¢
AQ 3.98463¢t
RG a2
DWW 60.8C
DE B S
TE 298,
D1 1.000000C
TDO

======== CHANNEL f1 ==
NUC1 1
Pl 14.C
PL1 0<C
PL1W 11. 7556288
SFO1 400.160471
SI 327¢
SF 400.15800C
WDW E
SSB

T I T T T

\ T T T T \ (s 1 T T T
95 9.0 85 80 75 7.0 65 6.0 55 50 45 40 3.5 3.0 25 20 1.5

g @ e BEEy 4 @ MH

-
o



Monoisotopic Mass, Even Electron lons

210 formula{e) evaluated with 3 results within limits

Elements Used:

G 0-100 H:0-200 N:9-9 0:0-30 Na:1-1

12-Mar-2015

dki-12mart5xii-63 384 (7.101)Cn

10
Y
623 5604
562.00 562,50
Minimums:
Maximums:
Mass Calc. Mass
564.131¢ 564.1309
564.1274
564.1368

535

{up to 19 closest resulls for each mass)

328:1-1 35Ck 1-1
(Cen,5, 50.00, Ar); Sm (SG, 3x6.00); Sb (12,5.00) TOF MS ES*
2.04e+002
564.1
566.1
i % 64.4664.5
564.4564.
5029 56349639 5656 639 564.7564.9 565.8 566.0 e 5060 55715672
brkrry Ay - miz
563.00 563.50 564.00 564.50 565.00 565.50 566.00 56650 567.00 567,50
-50.0
10.0 10.0 500.0
mDa PPM DBE i-FIT Formula
0.7 1.2 15.5 29.0 c23 Hz4 WO 03 Wa 328 3501/
4.2 7.4 -6.5 42.4 5 H32 N9 016 Na 325 35C1
-5.2 -9.2 6.5 31.6 Cls H28 N9 08 Na 328 35C1
X/
(]

N =N
o ¢ | A >
HRHNG, NN N\ >N \

N=n
OH OH

Compound 25
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HPLC: Analytical purity checked using a Hewlett—Packard 1100 HPLC equipped with Zorbax SB-

Aq 5 pm analytical column (150 x 4.6 mm; Agilent Technologies, Inc., Palo Alto, CA). Mobile
phase: linear gradient solvent system: 0.1% TFA (trifuoroacetic acid)-CH3CN from 90:10 to 10:90
in 15 min; the flow rate was 1.0 mL/min. Peaks were detected by UV absorption with a diode array
detector at 254, 275, and 280 nm. Purity of compounds tested for biological activity was at least
95% by HPLC.

Compound 11
Acg. Operator I evgeny
Method C:\HPCHEM\ 1 \METHODS\ SAIBAL.M
Last changed

11/18/2014 11:58:14 AM by evgeny

>
s ; MES H3S
) (modified after loading) ] )
DAD1 A, Sig=254,4 Ref=360,100 (EVGENY\PPTNO118.D)
Er |
- o |
| |
100 I
_ | |
80 - |I
|
] \
|
4 |I
60 \I
|
{
1
'a
40 - III
§ |
1
] \
20 - |
\I\ Q %
g 3 i 2
0 o N S DR - U - T 10 S
L T T T T =% == T &
0 2 4 &1 8 10 12 14 min
Data File C:\EPCHEM\1\DATANTCSHY13050607.D Cﬂmpﬂund 12
ion Ik : 5/6/2015 12:22:06 PN
e Name : 7184 Location @ -
cg. Operator @ dilip
Method : C:\HPCHEMY\ 1\ METHODS\TOSH. M
Last changed ¢ 5/6/2015 11:34:21 BM by dili
ified after lcading)
| DADT A, Sig=254,4 Rel=360,100 {TOSH115050007.0;
ma 1 £
i
3 I
|
o] |
5
. | |
104 | .
5 a | | z o |
i b3 | ! - &
| B n P~ o ' 55 =
1 Q @ ¥y P - ——I
| == - :
8 9 10 1 12 13 min
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of window 38: Current Chreomatogram(s]

Compound 18

Current Chromatogram(s)
DADT A, Sig=254,4 Ref=360,100 (TOSH\1 5050604.D)

mAU 3
50 \
40
i \
20 | 1
| |
[ \
10 ‘
'\
8 = - o B 3 \\ 5
8 2 & 3 = = [ \ 2 |
s 2= S - N ) e = T |

L
T ™ T T ¥ 5 T T
a 9 10

min
Data File C:'\HECHEM')1\DATA\TOSH\15050608.D s

Compound 20

Injection Date : 5/6/2013 1:03:07 PM

Sample Hame v 7144 Location @ -
hog. Operator @ dilip
Method ¢ C:\HECHEM\1'\METHCDS\TOSH.

Last changsd ¢ 5/6/2015 11:34:21 AN by dilip
(modified after loading]
DADT &, Sig=254,£ Ref=360, 100 (TOSH I 5050608.0)

: ) ‘
mAil_.: %
5]
251 m
I
I-J}jl I| |
| 1 |
15J | | |
| 1 | !
L
| 1n«£ i |i |
| " |
] @ - | 8 b=y ] o |
. g 3 £ | \d 2 it 2
| B s_J - = 8 |
] 4 L |
¥ T ] T T
| -] g b 11 12 13 i
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:a File C:\HPCHEM\1\DATA\TOSE\15050605.D

Cﬂmpmﬂ 25
Injection Date : 5/6/2015 11:34:3% AM
Sample Name t T162 Location 1 -
Acg. Operator @ dilip
Methed : C:\HPCHEM\1\METHODS\ TCSH. M
last changed 1 5/6/2015 11:34:21 BM by dilip
(modified after loading)

DBD1 A, Sig=254 4 Ref=360,100 (TOSHWSIE0E0E.0) |
mAU § £ |
- i |

; : I
O !
i |
3 |
600 - I |
20 | || |
40 ‘ | |
] |I [
| || |
|
| 004 | |
@ ~ | I o
| m{ 8 g 8 g5 § s 8§ |\ p&
AN sa, @ s 2 B b % 5 8 . F
—.— = s e = .
| i 8 10 i 12 13 min




