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Abstract

On the basis of a bioisosteric rationale, 4'-thionucleoside analogues of IB-MECA, which is a potent
and selective Az adenosine receptor agonist (AR), were synthesized from o-gulonic acid y-lactone.
The 4'-thio analogue (5h) of IB-MECA showed extremely high binding affinity (Kj = 0.25 nM) at
the human A3zAR and was more potent than IB-MECA (K = 1.4 nM). Bulky substituents at the 5'-
uronamide position, such as cyclohexyl and 2- methylbenzyl, in this series of 2-H nucleoside
derivatives were tolerated in A3AR binding, although small alkyl analogues were more potent.
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Introduction

The Az adenosine receptor (AR), which belongs to the family of G-protein-coupled receptors
(GPCRs), is known to be involved in cell signaling by modulating the levels of cAMP, inositol
triphosphate (IP3), and diacylglycerol (DAG) through binding of the endogenous chemical
messenger, adenosine.! Thus, the AzAR has been regarded as good therapeutic target for the
treatment of several diseases associated with cell signaling such as cancer, ischemia,
inflammation, and glaucoma.2
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Adenosine has served as a good template for the development of AzAR ligands. Extensive
modification of adenosine resulted in the discovery of CI-IB-MECA, 1 (K; = 1.0 nM for human
AzAR)3 and IB-MECA, 2 (K; = 1.4 nM for human A3zAR) 4 as potent and selective A3AR
agonists and these are in clinical trials as anticancer agents® (Figure 1). Recently, probing the
structure-activity relationship (SAR) of compound 1 on the basis of a bioisosteric rationale
indicated that a 4'-thionucleoside could serve as an excellent template for the development of
A3AR agonists, among which compounds 3 and 4 were discovered as more potent AsAR
agonists (K;j =0.38 and 0.28 nM, respectively) than CI-IB-MECA 1.6 Compound 3 also showed
potent in vitro as well as in vivo anticancer activity.” Because IB-MECA 2 is another
representative of AzAR agonists, it would be of great interest to synthesize its 4'-thio analogue
and to compare their biological activities and substituent effects (H vs CI) at the C2 position.
It would be also interesting to study SAR surrounding the 5’-uronamide moiety of the 4'-
thionucleosides. The AzAR has displayed a moderate tolerance for sterically bulky substituents
at this position, in contrast to the N-methylamides of the protypical agonists 1 and 2.5 Herein,
we report the synthesis and binding affinity of the series of compound 5 as potent and selective
A3AR agonists.

Results and discussion

The target nucleoside 5 was synthesized from o-gulonic acid y-lactone, as shown in Scheme 1.

o-Gulonic acid y-lactone was smoothly converted to the glycosyl donor 6 according to our
previously published procedure.6 Condensation of 6 with 6-chloropurine in the presence of
TMSOTHf afforded the 6-chloropurine derivative 7 (53%) and its a-anomer (5.4%).8 The
anomeric configuration of 7 was easily confirmed by an NOE effect between 1'-H and 4'-H.
Irradiation on 1'-H of compound 6 gave NOE effect on its 4'-H, indicating B-anomer, but no
NOE effect was observed on the same experiment in the case of its a-anomer.8 Treatment of
7 with methyl amine and 3-iodobenzylamine gave the N6-methyladenine derivative 8 and
N6-(3-iodobenzyl)adenine derivative 9, respectively. For the conversion of 4'-hydroxymethyl
group into various 5’-uronamides, the 2’,3"-isopropylidene group was first changed to the 2’,
3'-di-O-TBS group, because the removal of the 2',3"-isopropylidene group at the final step
resulted in the deglycosylation. Treatment of 8 and 9 with 80% acetic acid followed by
protection of the resulting diol with the TBS group yielded 10 and 11, respectively. Removal
of the benzoyl group in 10 and 11 with sodium methoxide gave the 4'-hydroxymethy!l
derivatives 12 and 13, respectively.

Treatment of 12 and 13 with PDC in DMF afforded the carboxylic acid derivatives 14 and
15, respectively. Coupling of the acids 14 and 15 with various primary amines in the presence
of EDC and HOBt yielded various 5'-uronamides 5a—w after the removal of the TBS group.

Radioligand binding assay was performed using adherent CHO (Chinese hamster ovary) cells
stably transfected with cDNA encoding the human ARs.? Bindings at the human ARs were
carried out using [3H]R-PIA for AjAR, [3H]CGS21680 for AyaAR, and [1251]1-AB-MECA
for A3AR as radioligands. In cases of weak binding, the percent inhibition of radioligand
binding to the human ARs was determined at 1 uM. Percent activation (inhibition of adenylate
cyclase in comparison to the full agonist CI-IB-MECA, 1) of the human A3AR was determined
at 1 pM.

Most of the synthesized compounds showed very high binding affinity at the human AzAR
with high selectivity in comparison to other subtypes (Table 1). When compared with the 4'-
oxonucleoside, IB-MECA (2) (K; = 1.4 nM), the corresponding 4'-thionucleoside, thio-1B-
MECA (5h) exhibited higher binding affinity at the human A3zAR (K; = 0.25 nM) as well as
higher selectivity over other subtypes, indicating that thio-IB-MECA (5h) has the potential to
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be developed as a clinical candidate as IB-MECA (2). A similar trend was observed between
CI-IB-MECA (1) (Kj = 1.0 nM) and thio-CI-IB-MECA (3) (Kj = 0.38 nM). However, thio-1B-
MECA (5h) was found to be less selective (81- vs 508-fold) for the human A3AR in comparison
to the human A;AR than thio-Cl-IB-MECA (3). This result indicated that substitution of the
2-H atom with more hydrophobic 2-Cl substituent increased the Az AR selectivity.10 It should
be noted that thio-1B-MECA (5h) showed the best binding affinity at the human A3AR among
4’-thionucleosides synthesized so far. This compound also showed very high binding affinity
(Ki = 1.86 + 0.36 nM) at the rat AzAR. In the N6-methyladenine series, the binding affinity at
the human AgAR of the synthesized 5’-uronamides was dependent on the 5'-N substitution in
the following order: ethyl = cyclopentyl > cyclobutyl > cyclopropylmethyl > methyl >
cyclopropyl > 3-iodobenzyl, indicating that alkyl and cycloalkyl derivatives 5a—f showed better
binding affinity (K; = 0.97 ~ 2.16 nM) than arylalkyl derivative 5g (K; = 15.6 nM). A similar
trend was observed in the N6-(3-iodobenzyl)adenine series, except that the N°-(3-iodobenzyl)
adenine derivatives showed slightly better binding affinity at the human AszAR and generally
were more selective versus the human A;AR than the N6-methyladenine derivatives.

The most potent and selective compound 5h was a full agonist in an assay of human Aj
adenosine receptor-mediated inhibition of cyclic AMP in transfected CHO cells, as previously
observed for compounds 1-4.

In summary, we have established SARs of bioisosteric 4'-thio analogues of potent and selective
A3AR agonist, IB-MECA (2). From this study, thio-IB-MECA (5h) was discovered as being
among the most potent Az AR agonists and more potent than IB-MECA (2). It was also revealed
that small alkyl or cycloalkyl substituents on the 5’-uronamide were essential for optimal
binding affinity. We believe that compound 5h has promise to be developed as a clinically
useful agent.

Experimental Section

1H NMR spectra (CDClz, CD30D, or DMSO-dg) were recorded on Varian Unity Inova 400
MHz. Chemical shifts were reported in ppm units with TMS as the internal standard. 13C NMR
spectra (CDCl3, CD30D, or DMSO-dg) were recorded on Varian Unity Inova 100 MHz.
Analytical thin-layer chromatography (TLC) was performed on Merck silica gel 60F-254 glass
plates. Optical rotations were determined on Jasco Il in methanol. UV spectra were recorded
on U-3000 made by Histachi in methanol. Elementary analyses were measured on EA1110.
The crude products were purified using a silica gel 60 (230-400 mesh, Merck). Reagents were
purchased from Aldrich Chemical Company. All the anhydrous solvents were distilled over
CaH, or P,Os5 or Na/benzophenone prior to the reaction.

Benzoic acid (3aS,4R,6R,6aR)-6-(6-chloro-purin-9-yl)-2,2-dimethyl-tetrahydro-thieno[3,4-d]
[1,3]dioxol-4-yImethyl ester (7)8

To a suspension of 6-chloropurine (3.36 g, 21.69 mmol) in a solution of dry CH3CN (20 mL)
and 1,2-dichloroethane (10 mL) were added Et3N (2.19 g, 21.69 mmol) and TMSOTT (9.64 g,
43.38 mmol), and the mixture was stirred at room temperature until the solution was clear. A
solution of sulfoxide 6 (3.36 g, 10.85 mmol) in dry 1,2-dichloroethane (10 mL) was added to
the resulting solution in one shot at room temperature. An additional amount of Et3N (2.19 g,
21.69 mmol) was added to the reaction mixture to initiate the Pummerer reaction. The reaction
mixture was stirred under reflux at 80 °C for 4 d, during which time the initially formed N-3
isomer was converted to N-9 isomer. The reaction mixture was partitioned between EtOAc
and aqueous saturated NaHCO3 solution, and the organic layer was washed with brine, dried
(MgSOy), filtered and evaporated. The residue was purified by flash silica gel column
chromatography (Hexane:EtOAc = 5:1) to give 7 (2.57 g, 53%), whose spectral data were
identical with those of authentic sample8.
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General procedure for the preparation of the N8-substituted nucleosides 8 and 9

To asolution of 7 in anhydrous EtOH (20 mL per mmol) were added triethylamine (3.0 equiv)
and appropriate amine (1.2 equiv). After being stirred at room temperature for 24 h, the reaction
mixture was evaporated. The residue was purified by silica gel column chromatography
(hexane/ethyl acetate = 1:1) to give the N6-substituted nucleosides 8 and 9.

6-Methylamino-9-[(5’-O-benzoyl-2',3'-O-isopropylidene)-4'-thio-B-D-ribofuranosyl]purine (8)

Compound 8 was prepared using methylamine-HCI: yield 74%; white foam; UV (MeOH)

A max 271 nm (pH 7); 1H NMR (CDCls3) 6 1.40 (s, 3 H, CH3), 1.68 (s, 3 H, CH3), 3.10 (d, 3 H,
J=3.0Hz, N-CH3), 4.12 (td, 1 H,J = 2.7, 7.8 Hz, 4’-H), 4.60 (dd, 1 H, J = 6.7, 11.4 Hz,
BzOCHH), 4.63 (dd, 1 H, J=7.8, 11.5 Hz, BzOCHH), 4.99 (dd, 1 H, J = 2.9, 5.6 Hz, 3’-H),
5.03(dd, 1H,J=1.9,5.6 Hz, 2°-H), 6.01 (d, 1 H, J = 1.9 Hz, 1’-H), 6.31 (br s, 1 H, NH),
7.37-7.88 (m, 5 H, Ph), 8.46 (s, 1 H, H-8), 8.57 (s, 1H, H-2); FAB-MS m/z 442 (M*+1); Anal.
Calcd for Co1Hy3N50,4S: C, 57.13; H, 5.25; N, 15.86; S, 7.26. Found: C, 57.20; H, 5.28; N,
15.75; S, 7.32.

6-(3-lodo-benzylamino)-9-[(5’-O-benzoyl-2',3'-O-isopropylidene)-4'-thio-B-D-ribofuranosyl]

purine (9)

Compound 9 was prepared using 3-iodo-benzylamine: yield 88%; white foam; UV (MeOH)
A max 272 nm (pH 7); 1H NMR (CDCl5) § 1.23 (s, 3 H, CH3), 1.37 (s, 3 H, CH3), 4.06 (td, 1
H,J=24,7.3Hz 4’-H), 4.46 (dd, 1 H, J=6.8, 11.4 Hz, BzZOCHH), 4.53 (dd, 1 H, J = 2.7,
11.4 Hz, BzZOCHH), 4.73 (d, 2 H, J = 5.8 Hz, N-CHy), 4.89 (dd, 1 H, J = 2.4, 5.6 Hz, 3’-H),
5.02 (dd, 1 H, J=2.0, 5.6 Hz, 2’-H), 5.96 (s, 1H, 1’-H), 6.59 (br s, 1 H, NH), 7.11-7.84 (m, 9
H, aromatic H), 8.52 (s, 1 H, H-8), 8.58 (s, 1 H, H-2); FAB-MS m/z 644 (M*+1); Anal. Calcd
for Co7Ho6IN504S: C, 50.40; H, 4.07; N, 10.88; S, 4.98. Found: C, 50.33; H, 4.21; N, 10.90;
S, 4.88.

General Procedure for the preparation of the 4’-hydroxymethyl analogues 12 and 13

A solution of per mmol of N6-substituted nucleosides (8 and 9) in 80% aqueous AcOH solution
(30 mL) was stirred at 70 °C for 12 h. The solvent was removed under reduced pressure and
the mixture was neutralized with methanolic ammonia. After evaporation, the residue was
purified by silica gel column chromatography (CH,Cl,/MeOH = 10:1) to give diol as a white
foam.

To a stirred solution of per mmol of diol in dry pyridine (20 mL) was added a solution of
TBDMSOTT (5.0 equiv) dropwise and the reaction mixture was stirred at 50 °C for 5 h. The
mixture was partitioned between CH,Cl, and H,0 and the organic layer was washed with
water, aqueous NaHCO3 solution, water, brine, dried over anhydrous MgSOy, and evaporated.
The crude disilyl ether was used in the next step without further purification.

To a stirred solution of per mmol of disilyl ether in anhydrous methanol (30 mL) was added
sodium methoxide (1.5 equiv) and the mixture was stirred at room temperature for 4 h. After
being neutralized with glacial acetic acid, the mixture was evaporated. The resulting residue
was purified by silica gel column chromatography (hexane/ethyl acetate = 1:1) to gve 4’-
hydroxymethyl analogues 12 and 13, respectively.

9-[(2',3'-Bis-tert-butyl-dimethyl-silanyloxy-5’-hydroxymethyl)-6-methylamino-4’-thio-B-D-
ribofuranosyl] purine (12)

yield 63%; white solid; UV (MeOH) A max 270 nm (pH 7); H NMR (CDCl3) 5 0.01 (m, 12
H, 4xSi-CHj3), 0.60 (s, 9 H, C(CH3)3), 0.85 (s, 9 H, C(CH3)3), 3.10 (br s, 3 H, N-CH3), 3.20
(dd,1H,J=5.6,11.7 Hz, 4’-H), 4.20 (m, 1 H, 3’-H), 4.45 (dd, 1 H, J = 5.8, 11.7 Hz,
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HOCHH), 4.75 (m, 1 H, 2’-H), 4.87 (dd, 1 H, J = 6.3, 11.7 Hz, HOCHH), 5.43 (d, 1 H, J = 4.6
Hz, 1’-H), 5.65 (br s, 1 H, OH), 8.00 (s, 1 H, H-2), 8.03 (br s, 1 H, NH), 8.23 (s, 1 H, H-8);
FAB-MS m/z 526 (M*+1); Anal. Calcd for Co3H43N503SSiy: C, 52.53; H, 8.24; N, 13.32; S,
6.10. Found: C, 52.40; H, 8.35; N, 13.22; S, 6.14.

9-[(2’,3'-Bis-tert-butyl-dimethyl-silanyloxy-5'-hydroxymethyl)-4’-thio-B-D-ribofuranosyl]-6-
(3-iodobenzylamino)purine (13)

yield 82%; white solid; UV (MeOH) A max 270 nm (pH 7); 1H NMR (CDCl5) & 0.01 (m, 12
H, 4xSi-CHg), 0.62 (s, 9 H, C(CH3)3), 0.83 (s, 9 H, C(CH3)3), 3.27 (dd, 1 H, J=5.6, 11.7 Hz,
2-H), 3.74 (m, 1 H, HOCHH), 3.86 (m, 1 H, HOCHH), 4.14 (dd, 1 H, J = 5.7, 11.5 Hz, 3’-H),
4.63 (br s, 2H, N-CHy), 5.20 (dd, 1 H, J = 6.3, 11.9 Hz, 2’-H), 5.60 (d, 1 H, J = 4.6 Hz, 1’-H),
5.93 (brs, 1 H, OH), 6.93 (t, 1 H, J = 7.7 Hz, aromatic H), 7.13 (s, 1 H, NH), 7.58 (d, 1 H, J
= 7.5 Hz, aromatic H), 7.60 (d, 1 H, J = 7.8 Hz, aromatic H), 7.67 (s, 1 H, aromatic H), 8.01
(s, 1 H, H-2), 8.28 (s, 1 H, H-8); FAB-MS m/z 728 (M*); Anal. Calcd for CogH6lN503SSis:
C, 47.86; H, 6.37; N, 9.62; S, 4.41. Found: C, 48.02; H, 6.43; N, 9.65; S, 4.39.

General Procedure for the preparation of the Né-Substituted-4'-thioadenosine-5"-uronamides

5a—-w

To astirred solution of 4'-hydroxymethyl analogue (1 mmol, 12 and 13) in dry DMF (10 mL)
was added pyridinium dichromate (10.0 equiv) and the reaction mixture was stirred at room
temperature for 20 h. Water (50 mL) was added to the reaction mixture, and stirred at room
temperature for 1 h. The precipitate was filtered and the filter cake was washed with water
many times and dried under high vacuum to give the acid (14 and 15) as a brownish solid,
which was used in the next step without further purification.

To a solution of 14 and 15 (1 mmol) in CH,Cl, (20 mL) were added EDC (1.5 equiv), HOBt
(1.5 equiv), appropriate amine (1.5 equiv), and DIPEA (3.0 equiv) and the mixture was stirred
at room temperature for 15 h. The reaction mixture was evaporated and the residue was purified
by asilica gel column chromatography (hexane/EtOAc = 10:1-5:1) to give the corresponding
silyl amide as a white foam. To a stirred solution of silyl amide (1 mmol) in THF (5 mL) was
added TBAF (2.5 equiv) and the reaction mixture was stirred at room temperature for 1 h. The
solvent was evaporated and the resulting residue was purified by silica gel column
chromatography (CH,Cl,/MeOH = 10:1) to give 5a—w as white solids.

N6-Methyl-9-(5’-methylaminocarbonyl-4'-thio-B-D-ribofuranosyl)adenine (5a)

Compound 5a was prepared using methylamine-HCI: yield 70%:; white solid; [a]?® p —24.0°
(c 0.13, MeOH); UV (MeOH) A max 270 nm (pH 7); 1H NMR (DMSO-dg) 5 2.78 (d, 3H,J =
4.0 Hz, N-CHj3), 2.90 (d, 3H, J = 4.5 Hz, N-CH3), 3.76 (d, 1 H, J = 4.2 Hz, 4’-H), 4.35 (dd, 1
H,J=4.6,8.0Hz 3’-H), 452 (dd, 1 H, J=4.8,8.5 Hz, 2°-H), 5.42 (d, 1 H, J = 5.4 Hz,
exchangeable with D,O, OH), 5.70 (d, 1 H, J = 5.1 Hz, exchangeable with D,O, OH), 5.80 (d,
1H,J=5.4Hz 1’-H), 7.98 (s, 1 H, H-2), 8.32 (br g, 2 H, exchangeable with D,0, NH, NH),
8.54 (s, 1 H, H-8); 13C NMR (DMSO-dg) 6 51.0, 55.3, 64.3, 70.2, 75.4, 78.2, 118.5, 139.9,
149.5,150.3,152.5, 174.4; FAB-MS m/z 325 (M*+1); Anal. Calcd for C1oH1NgO3S: C, 44.44;
H, 4.97; N, 25.91; S, 9.89. Found: C, 44.52; H, 5.03; N, 25.98; S, 9.86.

9-(5'-Ethylaminocarbonyl-4'-thio-B-D-ribofuranosyl)-N6-methyladenine (5b)

Compound 5b was prepared using ethylamine-HCI: yield 65%; white solid; [0]%® p —48.2° (¢
0.15, MeOH); UV (MeOH) A max 270 nm (pH 7); 1H NMR (DMSO-dg) 8 1.07 (t,3H, J = 7.2
Hz, CH,CH3), 2.55 (d, 3 H, J = 4.5 Hz, N-CH3), 3.11 (m, 2 H, N-CH>), 3.76 (d, 1 H, J = 4.0
Hz, 4’-H), 4.04 (dd, 1 H, J= 4.0, 7.5 Hz, 3’-H), 4.48 (dd, 1 H, J = 5.5, 8.0Hz, 2’-H), 5.54 (d,
1 H, J=5.0 Hz, exchangeable with D,0, OH), 5.68 (d, 1 H, J = 5.2 Hz, exchangeable with
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D,0, OH), 5.80 (d, 1 H, J =5.5 Hz, 1’-H), 8.05 (s, 1 H, H-2), 8.30 (br s, 2 H, exchangeable
with D,0O, NH, NH), 8.53 (s, 1 H, H-8); 13C NMR (DMSO-dg) 5 24.3, 48.9, 50.2, 61.3, 73.2,
74.4,78.5,116.3, 140.5, 150.8, 151.5, 152.5, 173.4; FAB-MS m/z 339 (M*+1); Anal. Calcd
for C13H1gNgO3S: C, 46.14; H, 5.36; N, 24.84; S, 9.48. Found: C, 46.25; H, 5.30; N, 25.00;
S, 9.56.

9-(5’-Cyclopropylaminocarbonyl-4’-thio-B-D-ribofuranosyl)-N6-methyladenine (5c)

Compound 5¢ was prepared using cyclopropyl amine: yield 61%; white solid; [a]?° p —15.8°
(¢ 0.15, MeOH); UV (MeOH) A max 269.0 nm (pH 7); 1H NMR (DMSO-dg) & 0.04 (m, 2 H,

cyclopropyl-CHy), 0.27 (m, 2 H, cyclopropyl-CHy), 2.65 (m, 1 H, NCH), 2.93 (d, 3H,J =45
Hz, N-CH3), 3.65 (d, 1 H,J = 4.0 Hz, 4’-H), 4.45 (dd, 1 H, J = 4.5, 8.0 Hz, 3’-H), 4.52 (dd, 1
H,J=5.0, 8.5 Hz, 2’-H), 5.40 (d, 1 H, J = 4.0 Hz, exchangeable with D,O, OH), 5.59 (d, 1 H,
J = 4.8 Hz, exchangeable with D,0O, OH), 5.85 (d, 1 H, J = 7.8 Hz, 1’-H), 8.05 (s, 1 H, H-2),
8.35 (br s, 1 H, exchangeable with D,O, NH), 8.38 (br s, 1 H, exchangeable with D,0, NH),
8.57 (s, 1 H, H-8); 13C NMR (DMSO-dg) 5 6.1, 6.8, 24.0, 48.5, 50.6, 58.4, 75.4, 78.3, 114.8,
148.3, 150.2, 152.5, 155.3, 174.5; FAB-MS m/z 351 (M*+1); Anal. Calcd for C14H;gNgO3S:
C,47.99; H, 5.18; N, 23.98; S, 9.15. Found: C, 48.12; H, 5.25; N, 24.05; S, 9.23.

9-(5’-Cyclopropylmethylaminocarbonyl-4’-thio-B-D-ribofuranosyl)-N6-methyladenine (5d)

Compound 5d was prepared using cyclopropyl methylamine-HCI: yield 68%; white solid,;
[a]?® p —15.8° (¢ 0.15, MeOH); UV (MeOH) A max 270 nm (pH 7); 1H NMR (DMSO-dg) &
0.05 (m, 2 H, cyclopropyl-CHj,), 0.35 (m, 2 H, cyclopropyl-CH>), 0.78 (m, 1 H, cyclopropyl-
CH), 2.93 (d, 3 H, J = 4.0 Hz, N-CH3), 3.03 (t, 2 H, J = 4.5, 7.8 Hz, N-CH)), 3.77 (d, 1 H, J
=4.0Hz,4’-H), 4.27 (dd, 1 H, J =4.5,9.0 Hz, 3’-H), 4.45 (dd, 1 H, J = 4.6, 8.8 Hz, 2’-H),
5.46 (d, 1 H, J = 4.3 Hz, exchangeable with D,0, OH), 5.68 (d, 1 H, J = 4.8 Hz, exchangeable
with D,0, OH), 5.77 (d, 1 H, J= 7.8 Hz, 1’-H), 8.12 (s, 1 H, H-2), 8.34 (br s, 1 H, exchangeable
with D,0, NH), 8.43 (br s, 1 H, exchangeable with D,0, NH), 8.53 (s, 1 H, H-8); 13C NMR
(CD30D) 6 2.5, 2.7, 10.8, 43.2, 46.3, 58.3, 60.5, 72.3, 75.6, 120.5, 148.7, 150.1, 153.4, 156.5,
173.5; FAB-MS m/z 365 (M*+1); Anal. Calcd for C15H9NgO3S: C, 49.44; H, 5.53; N, 23.06;
S, 8.80. Found: C, 49.40; H, 5.55; N, 22.98; S, 8.87.

9-(5’-Cyclobutylaminocarbonyl-4'-thio-B-D-ribofuranosyl)-N6-methyladenine (5e)

Compound 5e was prepared using cyclobutylamine: yield 59%; white solid; [a]2° p —24.0° (c
0.10, MeOH); UV (MeOH) A max 270 nm (pH 7); 1H NMR (DMSO-dg) § 1.71 (m, 2 H,
cyclobutyl-CHy), 1.96 (m, 2 H, cyclobutyl-CH>), 2.25 (m, 2 H, cyclobutyl-CH>), 2.98 (d, 3 H,
J =4.5Hz, N-CHg), 3.84 (m, 1 H, cyclopropyl-CH), 4.01 (d, 1 H, J = 4.0 Hz, 4’-H), 4.47 (dd,
1H,J=47,88Hz 3"-H), 454 (dd, 1 H, J=4.5, 8.0 Hz, 2’-H), 5.63 (d, 1 H, J = 4.5 Hz,
exchangeable with D,O, OH), 5.83 (d, 1 H, J = 4.8 Hz, exchangeable with D,0, OH), 5.90 (d,
1H,J=8.0Hz, 1-H), 8.21 (s, 1 H, H-2), 8.34 (br s, 1 H, exchangeable with D,0O, NH), 8.43
(br s, 1H, exchangeable with D,0O, NH), 8.53 (s, 1 H, H-8); 13C NMR (CD30D) § 16.3, 32.5,
33.2,35.3,40.3,42.8, 65.4, 75.3, 76.5, 135.4, 145.3, 147.8, 153.4, 155.0, 175.4; FAB-MS m/
z 365 (M*+1); Anal. Calcd for C15H,0NgO3S: C, 49.44; H, 5.53; N, 23.06; S, 8.80. Found: C,
49.51; H, 5.49; N, 23.10; S, 8.78.

9-(5’-Cyclopentylaminocarbonyl-4'-thio-B-D-ribofuranosyl)-N6-methyladenine (5f)

Compound 5f was prepared using cyclopentylamine: yield 65%:; white solid; [a]%° p —13.8°
(¢ 0.13, MeOH); UV (MeOH) A max 269 nm (pH 7); 1H NMR (DMSO-dg) § 1.30 (m, 4 H,
cyclopentyl-CH,x2), 1.59 (m, 4 H, cyclopentyl-CH,x2), 2.95 (d, 3 H, J = 4.0 Hz, N-CHj),
3.53(m, 1 H, NCH), 3.87 (d, 1 H, J=4.0 Hz, 4’-H), 4.07 (dd, 1 H, J = 4.5, 8.0 Hz, 3’-H), 4.54
(dd, 1 H,J=5.0, 8.8 Hz, 2’-H), 5.55 (d, 1 H, J = 4.0 Hz, exchangeable with D,O, OH), 5.78
(d, 1 H, J = 4.8 Hz, exchangeable with D,O, OH), 5.82 (d, 1 H, J=7.8 Hz, 1’-H), 8.25 (s, 1
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H, H-2), 8.33 (br s, 1H, exchangeable with D,O, NH), 8.43 (br s, 1 H, J = 4.5 Hz, exchangeable
with D,0, NH), 8.53 (s, 1 H, H-8); 13C NMR (CD30D) § 23.4, 24.5, 31.7, 32.5, 38.3, 48.5,
48.6, 65.3, 74.5, 80.4, 129.3, 145.3, 148.5, 153.0, 155.4, 175.2; FAB-MS m/z 379(M*+1);
Anal. Calcd for C1gH25NgO3S: C, 50.78; H, 5.86; N, 22.21; S, 8.47. Found: C, 50.75; H, 5.53;
N, 22.45; S, 8.68.

9-[(5’-(3-lodo-benzylaminocarbonyl)-4'-thio-B-D-ribofuranosyl)]-Né-methyladenine (59g)

Compound 5g was prepared using 3-iodo-benzylamine: yield 54%; white solid; [a]?° p —23.0°
(¢ 0.10, MeOH); UV (MeOH) A max 270 nm (pH 7); IH NMR (DMSO-dg) $ 2.94 (d, 3 H, J =
4.5Hz, N-CHg), 3.87 (d, 1 H, J=4.3 Hz, 4’-H), 4.25 (dd, 1 H, J = 4.4, 8.8 Hz, 3’-H), 4.56 (dd,
1H,J=4.9,8.8Hz,2-H),4.68 (d,2H, J=3.5Hz,NH5), 5.56 (d, 1 H, J = 4.0 Hz, exchangeable
with D,0, OH), 5.80 (d, 1 H, J = 4.8 Hz, exchangeable with D,0, OH), 5.82 (d, 1 H,J=7.8
Hz, 1’-H), 7.14-7.76 (m, 4 H, aromatic H), 7.98 (br s, 1H, exchangeable with D,0, NH), 8.05
(brs, 1 H, J = 4.5 Hz, exchangeable with D,0O, NH), 8.25 (s, 1 H, H-2), 8.53 (s, 1 H,

H-8); 13C NMR (CD30D) § 45.3,50.1, 53.3, 65.4, 78.8, 85.4, 99.4, 125.3, 127.5, 128.4, 130.2,
135.0, 144.2, 145.3, 148.5, 152.3, 156.8, 173.5; FAB-MS m/z 527 (M*+1); Anal. Calcd for
C1gH19INgO3S: C, 41.07; H, 3.64; N, 15.97; S, 6.09. Found: C, 41.35; H, 3.66; N, 16.12; S,
6.24.

N6-(3-lodo-benzyl)-9-(5'-methylaminocarbonyl-4’-thio-B-D-ribofuranosyl)adenine (5h)

Compound 5h was prepared using methylamine-HCI: yield 53%; white solid; [a]%° p —20.5°
(c 0.15, MeOH); UV (MeOH) A max 270 nm (pH 7); 1H NMR (DMSO-dg)  2.70 (d, 3H,J =
4.0 Hz, N-CHs), 3.82 (d, 1 H,J=4.5Hz, 4’-H), 4.37 (br dd, 1 H, J = 4.5, 8.4 Hz, 3’-H), 4.57
(m, 1 H,2’-H), 4.65 (d, 2 H, J = 5.7 Hz, N-CH)), 5.62 (d, 1 H, J = 5.5 Hz, exchangeable with
D,0, OH), 5.80 (d, 1 H, J = 5.1 Hz, exchangeable with D,0, OH), 5.88 (d, 1 H, J = 5.4 Hz,
1’-H), 7.13 (t, 1 H, J = 7.8 Hz, aromatic H), 7.35 (d, 1 H, J = 7.6 Hz, aromatic H), 7.60 (d, 1
H, J=7.8 Hz, aromatic H), 7.73 (s, 1 H, aromatic H), 8.26 (br s, 1 H, H-2), 8.54 (s, 1 H, H-8),
8.55 (br s, 1 H, exchangeable with D,0, NH); 13C NMR (DMSO-dg) § 42.0, 51.5, 60.3, 64.5,
76.0, 78.2,118.8, 126.4, 133.5, 135.3, 136.0, 140.3, 141.5, 149.9, 150.4, 153.0, 154.7, 170.3;
FAB-MS m/z 527 (M*+1); Anal. Calcd for C1gH19INgO3S: C, 41.07; H, 3.64; N, 15.97; S,
6.09. Found: C, 41.35; H, 3.66; N, 16.12; S, 6.24.

9-(5'-Ethylaminocarbonyl-4-thio-B-D-ribofuranosyl)-N6-(3-iodo-benzyl)adenine (5i)

Compound 5i was prepared using ethylamine-HCI: yield 66%; white solid; [0]%° p —45.6° (¢
0.15, MeOH); UV (MeOH) A max 273.0 nm (pH 7); 1H NMR (DMSO-dg) § 1.09 (t, 3H, J =
7.0 Hz, CH,CH3), 3.19 (g, 2 H, J = 6.0 Hz, CH,CH3), 3.82 (d, 1 H, J = 4.0 Hz, 4’-H), 4.38 (d,
1H,J=45Hz 3-H), 4.59 (d, 1 H, J = 3.6 Hz, 2’-H), 4.67 (d, 2 H, J = 4.5 Hz, N-CH)), 5.60
(d, 1 H, J =5.0 Hz, exchangeable with D,0O, OH), 5.77 (d, 1 H, J = 4.8 Hz, exchangeable with
D,0, OH),5.88 (d, 1 H, J =5.0 Hz, 1’-H), 7.12 (t, 1 H, J = 8.0 Hz, aromatic H), 7.38 (d, 1 H,
J =7.6 Hz, aromatic H), 7.60 (d, 1 H, J = 7.6 Hz, aromatic H), 7.73 (s, 1 H, aromatic H), 8.25
(s, 1H, H-2), 8.50 (br s, 1 H, exchangeable with D,0O, NH), 8.55 (s, 1 H, H-8); 13C NMR
(CD30D) $ 15.4, 35.3, 44.5, 54.4, 68.0, 79.1, 80.1, 94.5, 120.3, 125.8, 128.5, 130.5, 135.3,
140.4, 142.7, 151.4, 155.5, 172.3, 174.5; FAB-MS m/z 541 (M*+1); Anal. Calcd for
C19H21INgO3S: C, 42.23; H, 3.92; N, 15.55; S, 5.93. Found: C, 42.51; H, 3.95; N, 15.73; S,
5.95.

9-(5'-Cyclopropylaminocarbonyl-4’-thio-B-D-ribofuranosyl)-N6-(3-iodo-benzyl)adenine (5j)

Compound 5j was prepared using cyclopropyl amine: yield 62%; white solid; [0]%° p —35.8°
(¢ 0.15, MeOH); UV (MeOH) A max 272.0 nm (pH 7); 1H NMR (DMSO-dg) 5 0.48 (br s, 2 H,
cyclopropyl-CHy), 0.72 (m, 2 H, cyclopropyl-CH5), 2.54 (m, 1 H, NH), 3.80 (d, 1 H,J=4.3
Hz, 4’-H), 4.18 (dd, 1 H, J = 4.0, 8.5 Hz, 3°-H), 4.42 (m, 1 H, 2’-H), 4.70 (br s, 2 H, N-CH»),
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5.63(d, 1 H, J = 5.5 Hz, exchangeable with D,0, OH), 5.83 (d, 1 H, J = 5.0 Hz, exchangeable
with D,0, OH), 5.90 (d, 1 H, J =5.4 Hz, 1’-H), 7.13 (t, 1 H, J = 7.8 Hz, aromatic H), 7.35 (d,
1 H,J=7.6 Hz, aromatic H), 7.60 (d, 1 H, J = 7.8 Hz, aromatic H), 7.73 (s, 1 H, aromatic H),
8.27 (brs, 1 H, H-2), 8.58 (s, 1 H, H-8), 8.59 (br s, 1 H, exchangeable with D,0O, NH); 13C
NMR (DMSO-dg) 6 8.4, 10.5, 24.5, 50.5, 64.3, 66.8, 77.0, 80.4, 116.5, 127.4, 133.5, 135.4,
135.9,140.3,141.5, 148.5, 150.3, 152.9, 153.5, 171.4; FAB-MS m/z 553 (M*+1); Anal. Calcd
for CooH21INgO3S: C, 43.49; H, 3.83; N, 15.21; S, 5.80. Found: C, 43.54; H, 3.92; N, 15.28;
S, 5.85.

9-(5'-Cyclopropylmethylaminocarbonyl-4’-thio-B-D-ribofuranosyl)-N6-(3-iodobenzyl)

adenine (5k)

Compound 5k was prepared using cyclopropylmethyl amine-HCI: yield 61%; white solid;
[a]20 p —14.8° (¢ 0.15, MeOH); UV (MeOH) A nax 274.0 nm (pH 7); *H NMR (DMSO-dg) &
0.18 (m, 2 H, cyclopropyl-CH,), 0.23 (m, 2 H, cyclopropyl-CH>), 0.75 (m, 1 H, cyclopropyl-
CH), 2.54 (m, 1 H, NH), 2.87 (t, 2 H, J = 3.8 Hz, N-CHy), 3.67 (d, 1 H, J= 4.2 Hz, 4’-H), 4.19
(dd,1H,J=4.0,8.7Hz,3’-H), 4.42 (m, 1 H, 2’-H), 4.47 (br s, 2 H, N-CH,-cyclopropyl), 5.41
(d, 1 H, J =5.0 Hz, exchangeable with DO, OH), 5.59 (d, 1 H, J = 4.8 Hz, exchangeable with
D,0, OH),5.70 (d, 1 H, J =5.3 Hz, 1’-H), 6.92 (t, 1 H, J = 7.6 Hz, aromatic H), 7.18 (d, 1 H,
J =7.6 Hz, aromatic H), 7.40 (d, 1 H, J = 7.8 Hz, aromatic H), 7.53 (s, 1 H, aromatic H), 8.05
(brs, 1 H, H-2), 8.33 (s, 1 H, H-8), 8.43 (br s, 1 H, exchangeable with D,0, NH); 13C NMR
(DMSO0-dg) $2.3,3.2,13.4,23.8,54.3,63.5,67.0,77.4,81.0,116.4,126.3,132.1,133.4,135.2,
139.8, 140.2, 147.5, 150.1, 151.9, 153.4, 171.8; FAB-MS m/z 567 (M*+1); Anal. Calcd for
Cy1H23INg0O3S: C, 44.53; H, 4.09; N, 14.84; S, 5.66. Found: C, 44.60; H, 4.12; N, 14.95; S,
5.62.

9-(5'-Cyclobutylaminocarbonyl-4'-thio-B-D-ribofuranosyl)-N6-(3-iodobenzyl)adenine (51)

Compound 5l was prepared using cyclobutyl amine: yield 53%; white solid; [0]%° p —15.3° (c
0.10, MeOH); UV (MeOH) A max 270 nm (pH 7); IH NMR (DMSO-dg) 8 1.71 (m, 2 H,
cyclobutyl-CHy), 1.96 (m, 2 H, cyclobutyl-CH>), 2.25 (m, 2 H, cyclobutyl-CH>), 3.84 (d, 1 H,
J=4.0Hz, 4’-H), 4.30 (m, 1 H, NCH), 4.41 (dd, 1 H,J =45, 8.7 Hz, 3’-H), 4.61 (m, 1 H, 2’-
H), 4.70 (br s, 2 H, N-CH,), 5.63 (d, 1 H, J = 5.5 Hz, exchangeable with D,0, OH), 5.83 (d,
1 H, J =5.0 Hz, exchangeable with D,0, OH), 5.90 (d, 1 H, J=5.4 Hz, 1’-H), 7.15 (t, 1 H,
J=8.0Hz, aromatic H), 7.41 (d, 1 H, J=7.6 Hz, aromatic H), 7.62 (d, 1 H, J = 7.8 Hz, aromatic
H), 7.76 (s, 1 H, aromatic H), 8.28 (br s, 1 H, H-2), 8.57 (s, 1 H, H-8), 8.72 (br s, 1 H,
exchangeable with D,0, NH); 13C NMR (DMSO-dg) 6 20.4, 35.3, 37.2, 50.5, 54.8, 64.2, 66.5,
78.0, 79.5, 116.4, 126.5, 132.7, 135.3, 135.8, 141.7, 142.3, 148.4, 151.3, 153.0, 154.5, 172.0;
FAB-MS m/z 567 (M*+1); Anal. Calcd for Cy1H3INgO3S: C, 44.53; H, 4.09; N, 14.84; S,
5.66. Found: C, 44.55; H, 4.12; N, 14.96; S, 5.70.

9-(5'-Cyclohexylaminocarbonyl-4’-thio-B-D-ribofuranosyl)-N6-(3-iodobenzyl)adenine (5m)

Compound 5m was prepared using cyclohexyl amine: yield 68%; white solid; [a]2° p —25.4°
(c 0.13, MeOH); UV (MeOH) A max 272 nm (pH 7); 1H NMR (DMSO-dg) & 1.41-1.82 (m, 10
H, cyclohexyl-CHy), 3.65 (m, 1 H, cyclohexyl-CH), 3.83 (d, 1 H, J = 4.5 Hz, 4’-H), 4.45 (dd,
1H,J=4.4,9.0Hz,3-H), 4.75(m, 1 H, 2’-H), 4.82 (br s, 2 H, N-CH;), 5.65 (d, 1 H, J =55
Hz, exchangeable with D,0O, OH), 5.85 (d, 1 H, J =5.0 Hz, exchangeable with D,O, OH), 5.95
(d,1H,J=5.4Hz 1’-H), 7.25 (t, 1 H, J = 7.5 Hz, aromatic H), 7.43 (d, 1 H, J = 8.0 Hz,
aromatic H), 7.65 (d, 1 H, J = 7.8 Hz, aromatic H), 7.79 (s, 1 H, aromatic H), 8.25 (brs, 1 H,
H-2), 8.54 (s, 1 H, H-8), 8.56 (br s, 1 H, exchangeable with D,0, NH); 13C NMR (DMSO-
dg) 820.5,22.4, 30.5, 35.4, 36.8, 46.3, 55.6, 64.4, 66.9, 77.5, 79.4, 117.5, 128.4, 133.5, 134.0,
135.6,141.6, 142.1, 148.5, 152.1, 153.5, 154.4, 172.8; FAB-MS m/z 595 (M*+1); Anal. Calcd
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for Co3H27INgO3S: C, 46.47; H, 4.58; N, 14.14; S, 5.39. Found: C, 46.55; H, 4.46; N, 14.25;
S, 5.50.

9-[5’-(3-Fluoro-benzylaminocarbonyl-4'-thio-B-D-ribofuranosyl)]-N®-(3-iodobenzyl)adenine

(5n)

Compound 5n was prepared using 3-fluoro-benzylamine: yield 59%:; white solid; [a]%° p
—40.1° (¢ 0.10, MeOH); UV (MeOH) A max 272 nm (pH 7); 1H NMR (DMSO-dg) § 3.79 (d, 1
H,J=4.0 Hz, 4’-H), 4.28 (m, 3 H, 3’-H, N-CH,), 4.50 (d, 1 H, J = 4.0 Hz, 2’-H), 4.62 (d, 2
H, J=4.4 Hz, N-CH5), 5.54 (d, 1 H, J = 5.6 Hz, exchangeable with D,O, OH), 5.67 (d, 1 H,
J = 4.8 Hz, exchangeable with D,O, OH), 5.78 (d, 1 H, J = 5.2 Hz, 1’-H), 6.92-7.58 (m, 8 H,
aromatic H), 8.34 (s, 1 H, H-2), 8.53 (s, 1 H, H-8), 8.91 (br s, 1 H, exchangeable with D50,
NH), 9.03 (br s, 1 H, exchangeable with D,O, NH); 13C NMR (CD30D) & 50.3, 52.4, 54.3,
60.4, 77.4,78.5,101.3, 114.3, 115.4, 116.8, 125.7, 125.9, 128.4, 130.5, 135.0, 140.3, 142.1,
145.8, 150.2, 155.31, 158.2, 160.5, 164.8, 173.5; FAB-MS m/z 621 (M*+1); Anal. Calcd for
CasH2oFINGO3S: C, 46.46; H, 3.57; N, 13.55; S, 5.17. Found: C, 46.55; H, 3.46; N, 13.65; S,
5.26.

9-[5’-(3-Chloro-benzylaminocarbonyl-4’-thio-g-D-ribofuranosyl)]-N6-(3-iodobenzyl)adenine

(50)

Compound 50 was prepared using 3-chloro-benzylamine: yield 68%; white solid; [a]%° p
—25.4° (¢ 0.13, MeOH); UV (MeOH) A may 273 nm (pH 7); 1H NMR (DMSO-dg) § 3.78 (d, 1
H,J=3.8 Hz, 4’-H), 4.26 (m, 3 H, 3’-H, N-CH)), 4.49 (m, 3 H, N-CH>), 5.52 (d, 1 H, J=5.0
Hz, exchangeable with D,0O, OH), 5.67 (d, 1 H, J = 4.8 Hz, exchangeable with D,0O, OH), 5.77
(d, 1 H,J=5.2Hz, 1’-H), 6.94-7.58 (m, 8 H, aromatic H), 8.03 (s, 1 H, H-2), 8.37 (s, 1 H,
H-8), 8.38 (br s, 1 H, exchangeable with D,0O, NH), 9.02 (br s, 1H, exchangeable with D,0,
NH); 13C NMR (CD30D) $ 51.4,52.5,54.0,61.3,78.1,79.8,102.3,114.8, 115.6, 117.2, 125.9,
128.0,136.3,138.4, 140.0, 141.2, 142.0, 148.3, 149.5, 150.2, 153.4, 157.2, 158.4, 174.0; FAB-
MS m/z 637 (M*+1); Anal. Calcd for Cy4H»,CIINgO3S: C, 45.26; H, 3.48; N, 13.20; S, 5.03.
Found: C, 45.46; H, 3.46; N, 13.25; S, 5.26.

N6-(3-lodo-benzyl)-9-[5'-(2-methyl-benzylaminocarbonyl-4'-thio-B-D-ribofuranosyl)]adenine

(5p)

Compound 5p was prepared using 2-methyl-benzylamine: yield 60%:; white solid; [a]%° p
—43.0° (¢ 0.10, MeOH); UV (MeOH) A max 274 nm (pH 7); IH NMR (DMSO-dg) & 2.32 (s,
3H, CHs),3.98 (d, 1 H, J = 2.7 Hz, 4’-H), 4.40 (m, 3 H, 3’-H, N-CH,), 4.69 (m, 3 H, 2’-H,
N-CHy), 5.68 (d, 1 H, J = 5.0 Hz, exchangeable with D,0O, OH), 5.85 (d, 1 H, J = 4.8 Hz,
exchangeable with D,0, OH), 5.94 (d, 1 H, J=5.0 Hz, 1’-H), 7.13-7.76 (m, 8 H, aromatic H),
8.11 (s, 1 H, H-2), 8.54 (s, 1 H, H-8), 8.96 (br s, 1 H, exchangeable with D,0, NH); 13C NMR
(CD30D) $ 24.8, 49.8, 50.3, 52.8, 56.3, 68.4, 78.0, 80.3, 98.6, 102.4, 115.8, 120.3, 125.6,
135.4, 137.6, 139.8, 140.4, 142.5, 146.4, 148.1, 151.3, 154.5, 156.7, 158.4, 173.8; FAB-MS
m/z 617 (M*+1); Anal. Calcd for Co5H,5INgO3S: C, 48.71; H, 4.09; N, 13.63; S, 5.20. Found:
C, 48.88; H, 4.14; N, 13.82; S, 5.26.

N6-(3-lodo-benzyl)-9-[5'-(3-methyl-benzylaminocarbonyl-4’-thio-B-D-ribofuranosyl)]adenine

(50)

Compound 5q was prepared using 3-methyl-benzylamine: yield 58%; white solid; [a]%° p
—33.5° (¢ 0.13, MeOH); UV (MeOH) A nax 274 nm (pH 7); 1H NMR (DMSO-dg) 5 2.31 (s, 3
H, CH3), 3.96 (d, 1 H,J=2.0 Hz, 4’-H), 4.40 (d, 2 H, J = 8.0 Hz, N-CHy), 4.45 (dd, 1 H, J =
5.2, 7.8 Hz, 3’-H), 4.68 (m, 3 H, 2’-H, N-CHy), 5.69 (d, 1 H, J = 5.0 Hz, exchangeable with
D,0, OH), 5.84 (d, 1 H, J = 4.8 Hz, exchangeable with D,O, OH), 5.94 (d, 1 H, J = 5.0 Hz,
1’-H), 7.09-7.76 (m, 8 H, aromatic H), 8.17 (s, 1 H, H-2), 8.53 (s, 1 H, H-8), 8.54 (br s, 1 H,
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exchangeable with D,O, NH), 8.96 (br s, 1 H, exchangeable with D,0, NH); 13C NMR
(CD30D) 6 23.5, 50.0, 50.4, 52.8, 56.4, 68.4, 78.1, 80.3, 98.6, 102.4, 115.9, 120.3, 125.6,
135.4, 136.5, 140.0, 140.5, 142.5, 146.5, 148.2, 151.3, 154.6, 156.7, 158.5, 174.0; FAB-MS
m/z 617 (M*+1); Anal. Calcd for Co5H,5INgO3S: C, 48.71; H, 4.09; N, 13.63; S, 5.20. Found:
C,48.85; H, 4.13; N, 13.62; S, 5.15.

N6-(3-lodo-benzyl)-9-[5'-(4-methyl-benzylaminocarbonyl-4'-thio-B-D-ribofuranosyl)]adenine

(5r)

Compound 5r was prepared using 4-methyl-benzylamine: yield 60%:; white solid; [¢]%° p
—38.1° (¢ 0.15, MeOH); UV (MeOH) A max 273 nm (pH 7); 1H NMR (DMSO-dg) § 2.31 (s, 3
H, CHg), 3.95 (d, 1 H, J=2.5Hz, 4’-H), 4.39 (d, 2 H, J = 8.0 Hz, N-CH)), 4.44 (brs, 1 H, 3’-
H), 4.68 (br s, 3 H, 2’-H, N-CH,), 5.69 (br s, 1 H, exchangeable with D,0, OH), 5.82 (br s, 1
H, exchangeable with DO, OH), 5.95 (d, 1 H, J = 4.8 Hz, 1’-H), 7.13-7.76 (m, 8 H, aromatic
H), 8.16 (s, 1 H, H-2), 8.53 (s, 1 H, H-8), 8.54 (br s, 1 H, exchangeable with D,0, NH), 9.13
(brs, 1 H, exchangeable with D,0, NH); 13C NMR (CD30D) § 20.9, 49.8, 50.5, 53.4, 56.5,
67.9, 78.4, 80.5, 98.9, 102.7, 116.3, 120.4, 125.6, 135.5, 136.7, 140.5, 140.9, 142.5, 146.4,
148.2, 151.4, 154.6, 156.8, 158.5, 173.9; FAB-MS m/z 617 (M*+1); Anal. Calcd for
CosHosINGgO3S: C, 48.71; H, 4.09; N, 13.63; S, 5.20. Found: C, 48.79; H, 4.15; N, 13.55; S,
5.18.

N6-(3-lodo-benzyl)-9-[5’-(2-methoxy-benzylaminocarbonyl-4’-thio-B-D-ribofuranosyl)]

adenine (5s)

Compound 5s was prepared using 2-methoxy-benzylamine: yield 72%; white solid; [0]%° p
~30.2° (¢ 0.10, MeOH); UV (MeOH) A max 270 nm (pH 7); TH NMR (DMSO-dg) & 3.83 (s, 3
H, OCHg), 3.98 (d, 1 H, J = 2.5 Hz, 4’-H), 4.38 (m, 3 H, 3’-H, N-CH,), 4.69 (m, 3 H, 2’-H,
N-CH,), 5.69 (d, 1 H, J = 5.5 Hz, exchangeable with D,0, OH), 5.82 (d, 1 H, J = 4.8 Hz,
exchangeable with D,0O, OH), 5.94 (d, 1 H, J=5.0 Hz, 1’-H), 6.94-7.61 (m, 8 H, aromatic H),
8.15 (s, 1 H, H-2), 8.53 (br s, 1 H, exchangeable with D,0, NH), 8.54 (s, 1 H, H-8), 8.97 (br
s, 1 H, exchangeable with D,0, NH); 13C NMR (CD30D) 5 49.8, 50.4, 52.8, 56.3, 57.8, 68.0,
78.4,80.9, 98.5, 102.8, 115.8, 120.5, 125.6, 135.8, 137.6, 139.8, 140.5, 142.7, 146.4, 148.1,
151.8, 153.5, 156.9, 158.3, 173.9; FAB-MS m/z 633 (M*+1); Anal. Calcd for Co5H5INgO4S:
C, 48.48; H, 3.98; N, 13.29; S, 5.07. Found: C, 48.65; H, 4.04; N, 13.42; S, 5.01.

9-[5'-(2-Ethoxy-benzylaminocarbonyl-4’-thio-B-D-ribofuranosyl)]-N8-(3-iodobenzyl)adenine

(5t)

Compound 5t was prepared using 2-ethoxy-benzylamine: yield 63%; white solid; [0]%° p
—35.8° (¢ 0.10, MeOH); UV (MeOH) A max 270 nm (pH 7); IH NMR (DMSO-dg) 5 1.36 (t, 3
H, J = 4.2 Hz, OCH,CH3), 4.09 (m, 2 H, OCH,CHs), 3.98 (d, 1 H, J = 2.5 Hz, 4’-H), 4.38 (m,
3 H, 3’-H, N-CHy), 4.70 (m, 3 H, 2’-H, N-CH>), 5.69 (d, 1 H, J = 5.5 Hz, exchangeable with
D,0, OH), 5.83 (d, 1 H, J = 4.8 Hz, exchangeable with D,0O, OH), 5.95 (d, 1 H, J = 4.8 Hz,
1’-H), 6.93-7.76 (m, 8 H, aromatic H), 8.14 (s, 1 H, H-2), 8.53 (br s, 1 H, exchangeable with
D,0, NH), 8.54 (s, 1 H, H-8), 8.93 (br s, 1 H, exchangeable with D,0, NH); 13C NMR
(CD30D) $ 23.8,48.2,51.3,52.8,57.8,65.2,67.3,78.4,81.0,98.6, 103.4, 116.4, 120.1, 124.5,
135.7,137.8, 139.8, 141.3, 142.9, 146.5, 148.3, 152.1, 153.6, 155.4, 158.4, 170.1; FAB-MS
m/z 647 (M*+1); Anal. Calcd for CogH»7INgO4S: C, 48.30; H, 4.21; N, 13.00; S, 4.96. Found:
C,48.35; H, 4.24; N, 13.13; S, 5.04.

N6-(3-lodo-benzyl)-9-[5’-(1-naphthylmethylaminocarbonyl-4’-thio-B-D-ribofuranosyl)]

adenine (5u)

Compound 5u was prepared using 1-naphthyl-methylamine: yield 57%; white solid; [a]?° p
—13.5° (¢ 0.15, MeOH); UV (MeOH) A may 273 nm (pH 7); 1H NMR (DMSO-dg) 5 3.97 (d, 1
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H,J=25Hz 4’-H), 4.47 (d, 2 H, J = 8.4 Hz, N-CH,), 4.68 (br s, 1 H, 3’-H), 4.92 (br s, 3 H,
2’-H, N-CHy), 5.66 (br s, 1 H, exchangeable with D,0, OH), 5.82 (br s, 1 H, exchangeable
with DO, OH), 5.93 (d, 1 H, J = 4.8Hz, 1’-H), 7.10-7.98 (m, 11 H, aromatic H), 8.10 (s, 1 H,
H-2), 8.53 (s, 1 H, H-8), 8.54 (br s, 1 H, exchangeable with D,O, NH), 9.09 (brs, 1 H,
exchangeable with D,0, NH); 13C NMR (CD30D) § 45.3, 46.5, 55.3, 60.4, 73.8, 89.1, 98.4,
121.2,122.4,122.5,124.1,124.8,126.3,127.0,127.8,128.1, 129.2, 132.4,133.5, 135.4, 136.0,
144.8, 145.5, 147.8, 152.0, 154.4, 156.8, 174.4; FAB-MS m/z 653 (M*+1); Anal. Calcd for
CogHo5INgO3S: C, 51.54; H, 3.86; N, 12.88; S, 4.91. Found: C, 51.68; H, 3.92; N, 12.92; S,
4.90.

N6-(3-lodo-benzyl)-9-[5'-(2-phenetylaminocarbonyl-4'-thio-B-D-ribofuranosyl)Jadenine (5v)

Compound 5v was prepared using 2-phenylethylamine: yield 59%; white solid; [a]2° p —45.0°
(¢ 0.15, MeOH); UV (MeOH) A max 270 nm (pH 7); 1H NMR (DMSO-dg) 5 2.65 (t, 2 H, J =
2.5 Hz, NCH,CHy), 3.54 (m, 2 H, NCH,CHy), 3.71 (d, 1 H, J = 4.0 Hz, 4’-H), 4.23 (br s, 1 H,
3’-H), 4.48 (br s, 1 H, 2’-H), 4.55 (d, 2 H, J = 8.0 Hz, N-CHJ>), 5.51 (br s, 1 H, exchangeable
with D,0O, OH), 5.65 (br s, 1 H, exchangeable with D,0, OH), 5.77 (d, 1L H, J =5.2 Hz, 1’-H),
6.98-7.61 (m, 9 H, aromatic H), 8.09 (s, 1 H, H-2), 8.38 (s, 1 H, H-8), 8.39 (brs, 1 H,
exchangeable with D,O, NH), 8.57 (br s, 1 H, exchangeable with D,0, NH); 13C NMR
(CD30D) 5 37.3, 44.5, 45.3,56.0, 60.3, 74.2, 79.8, 97.3, 123.1, 123.4, 124.5, 125.3, 126.4,
126.8, 127.1, 128.4, 129.4, 136.2, 137.1, 144.3, 145.2, 147.1, 147.8, 154.2, 174.5; FAB-MS
m/z 617 (M*+1); Anal. Calcd for CosH,5INgO3S: C, 48.71; H, 4.09; N, 13.63; S, 5.20. Found:
C, 48.79; H, 4.15; N, 13.55; S, 5.18.

9-[5’-(3,3-Diphenylpropylaminocarbonyl-4’-thio-B-D-ribofuranosyl)]-N6-(3-iodobenzyl)
adenine (5w)

Compound 5w was prepared using 3,3-diphenylpropylamine: yield 72%; white solid; [0]%° p
—25.6° (¢ 0.32, MeOH); UV (MeOH) A max 274 nm (pH 7); 1H NMR (DMSO-dg) § 2.27 (m,
2 H, NCH,CH,CH), 3.10 (m, 2 H, NCH,CH,CH), 3.87 (d, 1 H, J = 4.0 Hz, 4’-H), 4.07 (t, 1
H, J=8.0 Hz, NCH,CH,CH), 4.41 (dd, 1 H, J = 3.6, 7.4 Hz, 3’-H), 4.64 (m, 1 H, 2’-H), 4.69
(d, 2 H,J=5.7 Hz, N-CH>), 5.64 (d, 1 H, J = 5.6 Hz, exchangeable with D,0O, OH), 5.83 (d,
1 H, J =5.6 Hz, exchangeable with D,O, OH), 5.93 (d, 2 H, J = 4.2 Hz, 1’-H), 7.13-7.76 (m,
14 H, aromatic H), 8.20 (s, 1 H, H-2), 8.54 (s, 1 H, H-8), 8.55 (br s, 1 H, exchangeable with
D,0, NH), 8.62 (br d, 1 H, J = 6.1 Hz, exchangeable with D,0, NH); 13C NMR (CD30D) &
34.5,35.3,40.6, 45.5,60.1, 73.4, 79.1, 80.4, 97.1, 112.3, 120.5, 126.0, 128.4, 129.3, 129.5,
129.7,129.9, 132.7, 135.3, 141.5, 143.0, 144.3, 147.8, 152.4, 155.7, 174.8; FAB-MS m/z 707
(M*+1); Anal. Calcd for C3oH31INgO3S: C, 54.39; H, 4.42; N, 11.89; S, 4.54. Found: C, 54.48;
H, 4.45; N, 11.75; S, 4.64.

Acknowledgments

This work was supported by the grant from the World Class University (WCU) Project from Ministry of Education
and Science, Korea (R31-2008-000-10010-0). KAJ and ZG acknowledge support from the NIDDK Intramural
Research Program of the National Institutes of Health.

References

1. (a) Olah ME, Stiles GL. Pharmacol. Ther 2000;85:55. [PubMed: 10722120] (b) Liang BT, Jacobson
KA. Proc. Natl. Acad. Sci 1998;95:6995. [PubMed: 9618527]

2. (a) Jacobson KA, Gao Z-G. Nature Rev. Drug Disc 2006;5:247. (b) Klotz K-N. Naunyn-
Schmiedeberg’s Arch. Pharmacol 2000;362:382. (c) Baraldi PG, Cacciari B, Romagnoli R, Merighi
S, Varani K, Borea PA, Spalluto G. Med. Res. Rev 2000;20:103. [PubMed: 10723024]

3. Kim HO, Ji X-d, Siddigi SM, Olah ME, Stiles GL, Jacobson KA. J. Med. Chem 1994;37:3614.
[PubMed: 7932588]

Bioorg Med Chem. Author manuscript; available in PMC 2010 December 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Choi et al.

4.

5

Page 12

Gallo-Rodriguez C, Ji X-d, Melman N, Siegman BD, Sanders LH, Orlina J, Fischer B, Pu Q, Olah ME.
J. Med. Chem 1994;37:636. [PubMed: 8126704]

.Fishman P, Madi L, Bar-Yehuda S, Barer F, Del Valle L, Khalili K. Oncogene 2002;21:4060. [PubMed:

12037688]

. (a) Jeong LS, Jin DZ, Kim HO, Shin DH, Moon HR, Gunaga P, Chun MW, Kim Y-C, Melman N, Gao

Z-G, Jacobson KA. J. Med. Chem 2003;46:3775. [PubMed: 12930138] (b) Jeong LS, Lee HW,
Jacobson KA, Kim HO, Shin DH, Lee JA, Gao Z-G, Lu C, Duong HT, Gunaga P, Lee SK, Jin DZ,
Chun MW, Moon HR. J. Med. Chem 2006;49:273. [PubMed: 16392812]

. (@) Lee EJ, Min HY, Chung HJ, Park EJ, Shin DH, Jeong LS, Lee SK. Biochem. Pharmacol

2005;70:918. [PubMed: 16051194] (b) Chung H, Jung J-Y, Cho S-D, Hong K-A, Kim H-J, Shin D-
H, Kim H, Kim HO, Lee HW, Jeong LS, Gong K. Mol. Cancer Ther 2006;5:685. [PubMed: 16546983]

.Jeong LS, Lee HW, Kim HO, Jung JY, Gao Z-G, Duong HT, Rao S, Jacobson KA, Shin DH, Lee JA,

Gunaga P, Lee SK, Jin DZ, Chun MW. Bioorg. Med. Chem 2006;14:4718. [PubMed: 16603368]

. (@) Gao Z-G, Kim SK, Biadatti T, Chen W, Lee K, Barak D, Kim SG, Johnson CR, Jacobson KA. J.

Med. Chem 2002;45:4471. [PubMed: 12238926] (b) Gao Z-G, Blaustein JB, Gross AS, Melman N,
Jacobson KA. Biochem. Pharmacol 2003;65:1675. [PubMed: 12754103] (c) Gao Z-G, Jeong LS,
Moon HR, Kim HO, Choi WJ, Shin DH, Elhalem E, Comin MJ, Melman N, Mamedova L, Gross AS,
Rodriguez JB, Jacobson KA. Biochem. Pharmacol 2004;67:893. [PubMed: 15104242]

10. Melman A, Gao Z-G, Kumar D, Wan TC, Gizewski E, Auchampach JA, Jacobson KA. Bioorg. Med.

Chem.Lett 2008;18:2813. [PubMed: 18424135]

Bioorg Med Chem. Author manuscript; available in PMC 2010 December 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Choi et al.

N X
¢ 10
MeHN._ O N/)\
@)
OH OH

1 (X = CI); Cl-IB-MECA
2 (X = H); IB-MECA

X= H@SAR

SAR

Pt
I

Cl

OH OH
5

NHRZ

<f
R3HN. _O N N/)\H
S

R? = methyl or 3-iodobenzyl
R3 = alkyl, cycloalkyl, or arylalkyl

Figure 1.

Bioorg Med Chem. Author manuscript; available in PMC 2010 December 1.

Page 13

NHR'
N
MeHN_ _O < |\/)N\
© NN
S
OH OH

3 (R' = 3-iodobenzyl)
4 (R" = methyl)



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Choi et al.

®) o ref. 6
HO:| ‘IQ
HO OH OH A
D-Gulonic acid y-lactone )Q
NHR? NHR2
¢ A ¢
N N e N / cd
HO ~— BzO
S S
TBSO OTBS TBSO OTBS

10 (R = methyl)
11 (R? = 3-iodobenzyl)

12 (R? = methyl) (63%)
13 (R? = 3-iodobenzyl) (82%)

Scheme la.

Page 14

NHR?
N AN N
BzO—l |
O. .0

8 (R? = methyl) (74%)
9 (R? = 3-iodobenzyl) (88%)

aReagents & conditions: a) 6-chloropurine, TMSOTf, CICH,CH,CI, rt to 80 °C; b) R2NHs,
Et3N, EtOH, rt; c) 80% AcOH, 70 °C; d) TBSOTH, pyridine, 50 °C; ) NaOMe, MeOH

Bioorg Med Chem. Author manuscript; available in PMC 2010 December 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Choi et al.
2 2
NHR NHR
.y A
HO N a HO N N b,c
S S
TBSO OTBS TBSO OTBS

14 (R? = methyl)
15 (R? = 3-iodobenzyl)

12 (R® = methyl)
13 (R® = 3-iodobenzyl)

Scheme 2a.

Page 15

NHR?
N AN
o ()
R3HN N™ "N
S
OH OH
5a-w

R2=rneﬂwlor340dobenzw

R3 = alkyl, cycloalkyl, or arylakyl

aReagents & conditions: a) PDC, DMF; b) R3NH,, EDC, HOBt, DIPEA, CH,Cl,, ¢c) TBAF,

THF

Bioorg Med Chem. Author manuscript; available in PMC 2010 December 1.



Page 16

Choi et al.

L0'0F8E0 9 F €22 or ¥ €61 Apaw IAzusqopol-¢ (10=A's=X)¢
0T 0062 16 [Apaw IAzusgopol-g H=A'0=X)7
COFYT 0.2 ¥ 09€S e F Apaw IAzusqopol-¢ (10o=A'0=XT1
N T 1 M T 1e AT T 1
uomqIyul 9% 40 uomqIyul 9% 40 uonIgIyu! 9% 40
elNU (dvewu) 'Y AU (AvYevU) elAU (4VTU) ' gd | "ON punodwod

}/ﬂxz

N

e

» 4HN

HO

10

2'SI199 OHD Ul passaldxa sYWEY pue ‘Vay Ty uewny 18 X—.G SOAIBALISP apIWeU0IN-,G-aUISOUspeoIyl- i Jo Aduslod

NIH-PA Author Manuscript

T 3lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Bioorg Med Chem. Author manuscript; available in PMC 2010 December 1.



Page 17

Choi et al.

80'0FSE'T %GF8E 9TFT'EE Ayrsw)Adoidojoko 1Ayw (H=A'S=X)pS
¥2'079TC 9T¥T9T 09'0¥85°9 |Adoudojofo 1AW (H=A's=X) 95
€2°0716°0 %02 02078y 1Awpa IApaw (H=A's=X)as
€Z0F6T'T %8FGE 2'S¥5'69 Aytsw IApaw (H=A'S=X)eg
600 ¥ 82°0 %02 0¥z ¥ 0E€T 1Ayrew IAylew (Io=A's=X)¥
WM T 1e AT T 1 M T 1R
uomqIyul 9 40 uoniqIyu! 9% 40 uomaIyul 9% 40
elANU (HveVY) M U (HVYovu) M U (HVTwY) 'Y e 2 "ON punodwod

}Jﬁz

N

, U

HO

HO

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Bioorg Med Chem. Author manuscript; available in PMC 2010 December 1.



Page 18

Choi et al.

£2°07€0°€ 9'C¥CST €8'0%.2'6 IAdoudo]aAd IAzusgopol-g H=A's=X)I5
200 6'9%9'LG £0Fr'S 1Aura IAzuagopol-g H=A'S=X)15
90°0¥52°0 YYTIFSLY 6'CFC0C 1Auaw IAzusgopol-g (H=A'S=X)us
9'G¥9'GT %0TF.Z %TFrC IAzuagopol-g IAuaw (H=A's=X)6bg
L0'0FL6°0 %TFSY TYIF9'8Y 1AuadojoAd 1Auaw (H=A'S=X)s5
S0'0F70'T 8T¥80T 0S'0¥/2'9 1AingojaAd IAuaw (H=A'S=X)ag
WM T 1e WM T1e T T 3R

uonIqiyut o 4o uonIgIyul 94 40 uomgIyui 94 4o

eANU (Vi) M eANU (4VYovu) 'Y eANU (dvTvy) M e 2 "ON punodwod

HO HO

A N
YUy ©
N A~

, U

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Bioorg Med Chem. Author manuscript; available in PMC 2010 December 1.



Page 19

Choi et al.

SEFYT %I+ %EFSC 1Azuaqo.ojyo-¢ 1Azuagopol-¢ (H=A'‘S=X)o0g
9'LTFT'T9 %8FSE %YFST IAzusgolony-¢ [Azusgopol-g (H=A'S=X)ug
GOTF7'GE %.FC %yTF82 IAxayooko IAzusgopol-g (H=A's=X) ws
9TOFLTT 29¥eet TYFIET 1Ainqojokd IAzuagopol-¢ H=A'S=X)15

1
62°079T°C 08¥009T 0r¥65T Ayrew)Adoudojoko IAzusgopol-g (H=A'S=X)5
WM T e NT T 7 AT T 1R
uomqIyut o4 40 uomqIyut 94 40 uomaIyul 9% 40
elANU (HveVY) M U (HVYovu) M U (HVTwY) 'Y e 2 ‘ON punodwio)

}Jﬁz

N

, U

HO

HO

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Bioorg Med Chem. Author manuscript; available in PMC 2010 December 1.



Page 20

Choi et al.

802T %8F0C %9¥02 1AuawiAypydeu-o IAzusgopol-g (H=A's=Xx)ng
vZFETT %8FEC %.¥CT IAzuagAxoype-g IAzuagopol-g H=A'S=X)15
TTS¥0'L6 %6¥8C WTFE 1AzusgAxoyrow-g IAzuagopol-g (H=A'sS=X)ss
GGFSET %0FLE %EFST IAzuaqiAysow-y IAzuagopol-g H=A'S=X)1g
€' LEF6'V6 %TIFIE 095¥0.0¥ IAzuagiAurow-¢ IAzusgopol-g (H=A'sS=X)bg
T'/70°TE %0TF92 %SF8T IAzuaqiAypow-z IAzuagopol-g (H=A's=Xx)dg
WM T 1e WM T1e T T 3R

uonIqiyut o 4o uonIgIyul 94 40 uomgIyui 94 4o

eANU (Vi) M eANU (4VYovu) 'Y eANU (dvTvy) M e 2 "ON punodwod

}Jﬁz

N

, U

HO

HO

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Bioorg Med Chem. Author manuscript; available in PMC 2010 December 1.



Page 21

Choi et al.

sem Buipuig ‘M T 18 pauIwIaiap sem HyEy UBwNy 8y JO UOITBAIOR JUS0ISd "SHY 184 J0 uewiny 8y Buipoous NGO UM pajdajsuel) A|qess s1180 OHD 1uaiaype Buisn pawioyiad siem sjuswiiadxe HY |1V

‘G—£=u“was
F Ueaw se passaldxa are Apnis Jussaid sy woly senjeA "HyV <y uewny ayl e 08912 moo:._mu pue ¥y Ty uewny ays 1e <om_z:._mu 1o <_n_-w_:._mu puebijoipes se Buisn SPOYIBIA Ul pagLIosap Se INo paliied

(e
8vF9TT %8F8E %0FLT 1AyseAuaydip-1'T IAzusgopol-¢ (H=A'S=X)Mg
TYTFEEY %TT %02 IAyelAuayd-z IAzusgopol-¢ (H=A'S=X)Ag
AT T 1R Wr T1e A T 1R
uomaIyul 9% 40 uomqIyul 9% 40 uoniqIyu! 9% 40
U (HVEWY) 'Y eI (HV7owy) By AU (dvPvu) Y e 2 ‘0N punodwio)

}J%Z

N

LU

e

HO HO

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Bioorg Med Chem. Author manuscript; available in PMC 2010 December 1.



