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The 3-deaza analogs of the naturally occurring adenine-based carbocyclic nucleosides aristeromycin and
neplanocin possess biological properties that have not been optimized. In that direction, this paper
reports the strategic placement of a fluorine atom at the C-2 and C-3 positions and a methyl at the C-3
site of the 3-deazaadenine ring of the aforementioned compounds. The synthesis and S-adenosylhomo-
cysteine hydrolase inhibitory and antiviral properties of these targets are described. Some, but not all,
compounds in this series showed significant activity toward herpes, arena, bunya, flavi, and
orthomyxoviruses.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction Continuing our interest in the 3-deaza category,12 we recently
The clinical success of entecavir (1)1 and abacavir (2)2 (Fig. 1)
have given carbocyclic nucleosides a prominent place among
antiviral drug therapeutics and, as a consequence, serve to invigo-
rate the search for other carbocyclic antiviral leads.1,3 While com-
pounds 1 and 2 are guanine and diaminopurine based agents (as
prodrugs of the active triphosphates),4 finding carbocyclic nucle-
oside antivirals based on the adenine ring continues in our5 and
other6 laboratories as a result of their inhibition of S-adenosylho-
mocysteine hydrolase.7 Aristeromycin (3) and neplanocin A (4
herein referred to as neplanocin) represent the parent structures
in those studies.

Because of their structural similarity to adenosine, the naturally
occurring 3 and 4 have been shown to possess biological character-
istics,8 including inhibition of S-adenosylhomocysteine hydrolase
(SAHase)7 and 50-nucleotide formation9 that have been designated
as loci for their antiviral properties. The synthetic 3-deaza analogs
of 3 and 4 (i.e., 5 and 6) arose to expand on the structural features
of 3 and 4 and have been found to possess similar antiviral profiles
most often associated with their potent inhibition of SAHase
(6 > 5),10 which, in turn, affects AdoMet-dependent methylation
reactions,6 including those of viral origin.6 Also, the class of
3-deazaadenine nucleosides has drawn attention since they are
less susceptible to adenosine deaminase and adenosine kinase
and, consequently, less toxic than their aza parents.11
reported that 3-halo-3-deazaadenine carbocyclic nucleosides dis-
played promising activity5d,e that prompted us to further explore
this structural characteristic with the synthesis and antiviral
status of 2- and 3-fluoro-3-deazaneplanocins (7 and 8), 2-fluoro-
3-deazaaristeromycins (9), and 3-methyl-3-deazaneplanocin (10)
(Fig. 1).

Target 7a was selected as the 3-deaza congener of the antiviral
candidate 2-fluoroneplanocin13 while 8a offers the 3-fluorolog of
the broad spectrum agent 3-bromo-3-deazaneplanocin.5e

Compound 9a places it (i) along side of 3-fluoro-3-
deazaaristeromycin, which has favorable antiviral promise,14 and
(ii) as the 3-deaza analog of the anti-malarial prospect 2-fluo-
roaristeromycin.15 The compound represented by 10 became part
of this study to ascertain whether 3-alkyl-3-deazaneplanocins
offer antiviral potential and to provide access to functionalized
carbon units at the 3-deaza site for further agent discovery. The
50-homo targets (7b, 8b, and 9b) have also been included as a con-
sequence of the antiviral properties of 50-homoneplanocin16a and
50-homoaristeromycin.16b The 50-nor derivative of 9a (i.e., 9c)
follows from the significant antiviral properties of 50-nor
aristeromycin.5d

2. Results and discussion

2.1. Synthesis

The plan to the target compounds was designed to subject read-
ily accessible cyclopentenols 115e or 1216a (shown in Scheme 2)
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Figure 1. Relevant purine carbocyclic nucleosides.
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and cyclopentanols 25,5e 26,14 and 2714 (shown in Scheme 3) to a
Mitsunobu procedure12a with requisite 3-deazaadenines 13
(Scheme 1), 1714 and 185e (shown in Scheme 2). The preparation
of 13 began with 4,6-difluoroimidazo[4,5-c]pridine (2,6-difluoro-
3-deazaadenine, 14)17 with the awareness that the 6-fluoro (pur-
ine numbering) would be more susceptible to displacement by
ammonia than a chloro at that position, which would require
hydrazine and Raney nickel conditions as is common for 3-deaza-
adenine nucleosides.12a This conclusion was validated with the
facile conversion of 14–15. Realizing that the free amino on 15
would compete with the Mitsunobu coupling, it was transformed
into the tri-Boc derivative 16 that was, in turn, converted to 13
with tetrabutylammonium fluoride.5e Besides NMR data, the
structure of 13 was further confirmed by X-ray crystallography.

The five neplanocin analog targets (7a/7b, 8a/8b, and 10) were
synthesized according to Scheme 2 employing 11, 12 and 13, 1714

and 18,5e under Mitsunobu conditions12a to yield the coupling
products 19–23. That the coupling occurred on the purine N-9
position was confirmed by the X-ray crystal structures of 8a and
8b. Removal of the silyl protecting groups of 19–22 under acidic
Scheme 1. Synthesis of 13. Reagents and conditions: (a) NH3/MeO

Please cite this article in press as: Liu, C.; et al. Bioorg. Med. Chem. (201
conditions gave targets 7a, 7b, 8a, and 8b. A palladium catalyzed
cross-coupling reaction with trimethylaluminum converted 23
into 24, which was followed by the same silyl deprotection as
used previously to afford 10.

In a similar approach, the three aristeromycin targets 9a–c were
synthesized according to Scheme 3. Subjecting 13 to Mitsunobu
coupling conditions with 25,5e 26,14 and 2714 smoothly gave prod-
ucts 28–30. Target compounds 9a–c were subsequently obtained
after acidic removal of the silyl protecting groups.

2.2. Antiviral and enzyme assay results

Tables 1 and 2 summarizes the viruses toward which the com-
pounds synthesized showed activity.14,18 The 3-deaza-3-fluorone-
planocin series (8a, 8b) (Table 1) exhibit broad antiviral activities
against herpes (dsDNA), arena ((�)ssRNA), bunya ((�)ssRNA), flavi
((+)ssRNA), and orthomyxoviruses ((�)ssRNA). Target 8a showed
potent activities against tacaribe virus, human cytomegalovirus
(HCMV), influenza A (H5N1), influenza B and moderate activity
against Rift Valley fever and dengue virus. The 50 homo analog
H, 93%; (b) (Boc)2O, DMAP, THF; (c) TBAF, THF, 53% from 15.

5), http://dx.doi.org/10.1016/j.bmc.2015.07.039
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Scheme 2. Synthesis of 2-fluoro-(7a, 7b), 3-fluoro-(8a, 8b), and 3-methy-(10) 3-deazaneplanocins. Reagents and conditions: (a) DIAD, PPh3, THF; (b) HCl/MeOH; (c) AlMe3,
Pd(PPh3)4, THF, yields in Section 3.

Scheme 3. Synthesis of 2-fluoro-3-deazaaristeromycin and its 50-modified analogs (9a–c). Reagents and conditions: (a) DIAD, PPh3, THF; (b) HCl/MeOH yields in Section 3.

Table 1
Antiviral data for the active compounds

Cell-line 8a 8b 10

IC50 (lM) CC50 (lM) SI IC50 (lM) CC50 (lM) SI IC50 (lM) CC50 (lM) SI

Yellow fever Vero >224 224.0 – 1.5 >340 >240 3.6 >362 >100
Rift Valley fever Vero 76 6.4 36.0 5.6 1.3 3.4 2.6 >36 36.0 –
Tacaribe Vero 76 <0.36 114.2 >317 <0.34 190.4 >560 1.2 83.3 72.0
Dengue Vero 7.1 35.7 5.0 15.0 108.8 7.3 >228 228.0 –
HCMV HFF 0.3 >300 >1035 5.1 >300 759.0 6.4 247.0 38.6
Influenza A (H5N1) MDCK 1.0 32.5 34.0 139.0 >340 >2.4 76.0 250.0 3.3
Influenza B MDCK <0.36 >357 >1000 1.0 >340 >340 1.1 >362 >320

Control drugs: Yellow fever, infergen IC50 = 0.00001 lg/mL, CC50 > 0.01; Rift Valley fever, ribavirin, IC50 = 37.3 lM, CC50 > 1000 lM; Tacaribe, ribavirin, IC50 = 26.7 lM,
CC50 > 1000 lM; Dengue, infergen IC50 = 0.0002 lg/mL, CC50 > 0.1 lg/mL; HCMV, ganciclovir, IC50 = 3.6 lM, CC50 > 100 lM; Infuenza B, ribavirin IC50 = 9.0 lM, CC50 > 100 lM.

Table 2
Antiviral data for additional active compounds

Cell-Line 7a 7b 9a 9b 9c

IC50

(lM)
CC50

(lM)
SI IC50

(lM)
CC50

(lM)
SI IC50

(lM)
CC50

(lM)
SI IC50

(lM)
CC50

(lM)
SI IC50

(lM)
CC50

(lM)
SI

Yellow
fever

Vero 6.8 >100 >50 29 >100 >3.4 2.1 >355 >170 – – – 15 >100 >6.7

HCMV HFF 8.7 217.5 25 <0.1 >300 >300 – – – – – – – – –
HBV HepG

22.2.15
0.67 11 17 0.99 7.5 8 – – – – – – – – –

Measles CV-1 8.5 >100 >12 89.8 >100 >1 9.6 >355 >37 162 >338 >2.1 30.2 >100 >3

Control drugs: HBV, lamivudine, IC50 = 0.039 lM, CC50 = 2176 lM; measles, 3-deazaguanine, IC50 = 4.1 lM, CC50 = 250 lM. For yellow fever and HCMV, see Table 1.
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8b maintained the potent activity against tacaribe virus and
improved (relative to 8a) activity against yellow fever and Rift
Valley fever while displaying, in varying degrees, reduced activity
toward dengue, HCMV, influenza A (H5N1) and influenza B. The
3-methyl analog 10 has similar antiviral trend as 8b except for
the loss of activity against Rift Valley fever virus and dengue virus.

3-Deaza-2-fluoroneplanocin 7a produced broad-spectrum
antiviral activities against yellow fever, HCMV, HBV (particularly
noteworthy) and measles viruses (Table 2). With a C-50 modified
side chain, compound 7b gave potent results toward HCMV and
maintained the activity (relative to 7a) against HBV. 3-Deaza-2-flu-
oroaristeromycin 9a (Table 2) produced high activity against
Please cite this article in press as: Liu, C.; et al. Bioorg. Med. Chem. (201
yellow fever virus and moderate activity against measles virus.
The two C-50-side chain modified analogs (9b, 9c) lost both antivi-
ral activities (Table 2).

Because of the potent inhibitory properties of 3-deazane-
planocin and 3-deazaaristeromycin toward S-adenosylhomocys-
teine (AdoHcy) hydrolase,14 and as their generally accepted mode
of antiviral properties, the target compounds in this study were
evaluated against this enzyme (Table 3). Of the compound collec-
tion, 8a is the most potent AdoHcy hydrolase inhibitor and showed
the best antiviral profile. This suggests inhibition of AdoHcy hydro-
lase activity could serve, in the future, as an indicator of possible
antiviral activity for 8a analogs. On the other hand, 7a and 7b
5), http://dx.doi.org/10.1016/j.bmc.2015.07.039
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Table 3
AdoHcy hydrolase inhibition activities (nM)

7a 7b 8a 8b 9a 9b 9c 10

IC50 1400 >10,000 6.8 145 3320 3750 1000 41

Control inhibitor: 3-deazaneplanocin (6) IC50 = 9.3.14
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lacked hydrolase inhibition, but displayed some high antiviral
activities. This may indicate that they are acting by a mechanism
not exclusively involving the hydrolase.

2.3. Conclusion

Placement of a fluorine atom on biological molecules has
opened new leads for drug discovery.19 Similar consequences have
arisen herein with 3-deazaneplanocin and 3-deazaaristeromycin
from the newly synthesized 2-fluoro- (7) and 3-fluoro-3-deazane-
planocins (8) and, to a less extent, 2-fluoro-3-dezaaristeromycins
(9). Antiviral activity has been found for DNA viruses (HCMV, her-
pes; HBV, hepadna) and for RNA viruses (yellow fever and dengue,
flavi; Rift Valley fever, bunya; Tacaribe, arena; influenza A and B,
orthomyxo; and measles, paramyxo). Antiviral results for 8a corre-
lates with its inhibition of AdoHcy hydrolase while this correlation
was not found for 7a and, certainly, 7b. The 9 series was both poor
AdoHcy hydrolase inhibitors and antiviral candidates and, with the
comparatively moderate hydrolase activity and their small range of
antiviral effects, 8b and 10 appear act by more than hydrolase inhi-
bition. It should be noted that the 3-fluoro-3-deazaneplanocin (8a)
reported here offers greater activity diversity than the correspond-
ing 3-fluoro-3-deazaaristeromycin congener.14

3. Experimental section

3.1. Chemistry

The combustion analyses were performed at Atlantic Microlab,
Norcross, GA. 1H and 13C NMR spectra were recorded on either a
Bruker AV 600 spectrometer (600 MHz for proton and 150 MHz
for carbon) or a Bruker AV 400 spectrometer (400 MHz for proton
and 100 MHz for carbon), referenced to internal tetramethylsilane
(TMS) at 0.0 ppm. The mass spectral data was determined using a
Waters Micromass Q-TOF Premier Mass Spectrometer. The reac-
tions were monitored by thin-layer chromatography (TLC) using
0.25 mm Whatman Diamond silica gel 60-F254 precoated plates
with visualization by irradiation with a Mineralight UVGL-25 lamp.
Column chromatography was performed on Whatman silica,
230–400 mesh, and 60 Å using elution with the indicated solvent
system.

3.1.1. 4-(N,N-Di-tert-butyloxycarbonylamino)-6-fluoroimidazo
[4,5-c]pyridine (13)

A solution of 1417 (1.1 g, 7.1 mmol) in MeOH (30 mL) was satu-
rated with NH3 at 0 �C and then heated at 90 �C for 24 h in a Parr
stainless steel, sealed reaction vessel. The solvent was removed
under reduced pressure, and the residue purified by column chro-
matography (EtOAc/MeOH, 7:1) to afford 15 as a white solid (1.0 g,
93%). 1H NMR (400 MHz, DMSO-d6) d 12.51 (br, 1H), 8.02 (s, 1H),
6.50 (br, 2H), 6.20 (s, 1H) HRMS Calcd for C6H5FN4 [M+H]+:
153.0576 Found 153.0591.

To a suspension of 15 (0.95 g, 6.25 mmol) and 4-(dimethy-
lamino)pyridine (DMAP, 77 mg, 0.63 mmol) in dry THF (50 mL)
was added 5.5 g (25 mmol) of (Boc)2O. After stirring for 24 h at
room temperature, the reaction mixture was quenched by adding
H2O (50 mL) followed by extraction with EtOAc and the extracts
dried (anhydrous Na2SO4). The solvent was removed by
Please cite this article in press as: Liu, C.; et al. Bioorg. Med. Chem. (201
evaporation under reduced pressure to give an oil residue (16,
2.4 g), which was used directly for the next step.

Tetrabutylammonium fluoride (11 mL, 1M in THF, 11 mmol)
was added to a solution of 16 in THF (40 mL). This reaction mixture
was stirred at room temperature for 6 h. The solvent was removed
by evaporation under reduced pressure and the residue purified by
column chromatography (EtOAc/MeOH, 10:1) to afford 13 (1.1 g,
53% from 15) as a white solid. 1H NMR (250 MHz, CDCl3) d 11.66
(br, 1H), 8.16 (s, 1H), 7.06 (s, 1H), 1.40 (s, 18H); 13C NMR
(62.9 MHz, CDCl3) d 180.6, 159.4, 155.8, 151.1, 144.6, 84.0, 77.2,
53.6, 27.8; HRMS calcd for C16H22N4O4F [M+H]+ 353.1625, Found
353.1639.

3.1.2. General procedure for the Mitsunobu reaction of 3-
deazaadenines with cyclopentanols and cyclopentenols and the
hydrolysis of coupling products

To a solution of cyclopentanols 11, 12, 25–27 (1 mmol) and
triphenylphosphine (1.5 mmol) in THF (10 mL) was added
3-deazaadenines 13, 17, or 18 (1 mmol). This suspension was
cooled to 0 �C and DIAD (1.5 mmol) added dropwise. After comple-
tion of the addition, the reaction mixture was warmed to room
temperature and stirred at this temperature for 12 h. The solvent
was removed under reduced pressure and the residue purified by
column chromatography (hexanes/EtOAc, 3:1) to afford 19–23
and 28–30, which are contaminated with DIAD byproducts.

Products 19–22 and 28–30, were dissolved in a mixture of
MeOH (5 mL) and 2 N HCl (4 mL) and the resulting solution was
brought to reflux for 2 h and then cooled to room temperature.
After addition of basic resin (Amberlite IR67) for neutralization of
the solution and filtration, the solvent was removed under vacuum
and the residue purified by column chromatography
(EtOAc/MeOH, 10:1) to give 7a, 7b, 8a, 8b and 9a–c.

3.1.3. (1R,4R,5S)-3-(Hydroxymethyl)-4,5-dihydroxy-2-
cyclopenten-l-yl]-4-amino-6-fluoroimidazo[4,5-c]pyridine (7a)

Yield: 62% (for two steps), white solid. 1H NMR (400 MHz,
DMSO-d6) d 7.94 (s, 1H), 6.60 (br, 2H), 6.28 (d, J = 1.6 Hz, 1H),
5.78 (m, 1H), 5.25 (d, J = 7.6 Hz, 1H), 5.20 (m, 1H), 5.09 (d,
J = 5.6 Hz, 1H), 5.04 (t, J = 5.6 Hz, 1H), 4.37, (t, J = 5.2 Hz, 1H), 4.13
(m, 2H), 4.01 (dd, J = 13.2, 6.0 Hz, 1H). 13C NMR (150 MHz,
DMSO-d6) d 150.4 (d, J = 157 Hz), 142.1, 141.5, 140.5, 129.4,
127.3 (d, J = 11 Hz), 125.8 (d, J = 21 Hz), 123.8, 78.4, 72.6, 67.2,
59.0. Anal. Calcd for C12H13FN4O3: C, 51.43; H, 4.68; N, 19.99.
Found: C, 51.16; H, 4.60; N, 19.76.

3.1.4. (1R,4R,5S)-3-(2-Hydroxyethyl)-4,5-dihydroxy-2-
cyclopenten-l-yl]-4-amino-6-fluoroimidazo[4,5-c]pyridine (7b)

Yield: 65% (for two steps), white solid. 1H NMR (600 MHz,
CD3OD) d 8.05 (s, 1H), 6.24 (s, 1H), 6.05 (d, J = 1.8 Hz, 1H), 5.30
(d, J = 5.4 Hz, 1H), 4.59 (m, 1H), 4.35 (t, J = 5.4 Hz, 1H), 3.61 (t,
J = 6.6 Hz, 2H), 2.19 (m, 1H), 1.97 (m, 1H). 13C NMR (100 MHz,
DMSO-d6) d 148.9 (d, J = 185 Hz), 148.8, 141.5, 140.2, 129.5,
127.2 (d, J = 12 Hz), 125.8 (d, J = 21 Hz), 125.5, 79.0, 78.0, 74.8,
59.4, 33.0. Anal. Calcd for C13H15FN4O3: C, 53.06; H, 5.14; N,
19.04. Found: C, 53.40; H, 5.21; N, 18.75.

3.1.5. (1R,4R,5S)-3-(Hydroxymethyl)-4,5-dihydroxy-2-
cyclopenten-l-yl]-4-amino-7-fluoroimidazo[4,5-c]pyridine (8a)

Yield: 55% (for two steps), white solid. 1H NMR (400 MHz,
CD3OD) d 8.12 (s, 1H), 7.61 (d, J = 3.6 Hz, 1H), 5.92 (dd, J = 2.0,
4.0 Hz, 1H), 5.60 (m, 1H), 4.62 (m, 1H), 4.32 (m, 2H), 4.26 (m,
1H). 13C NMR (100 MHz, CD3OD) d 150.3, 142.9, 141.2, 125.0,
124.8, 123.9, 78.4, 77.4, 72.7, 67.4, 61.5, 58.8. Anal. Calcd for
C12H13FN4O3: C, 51.43; H, 4.68; N, 19.99. Found: C, 51.67; H,
4.70; N, 20.01.
5), http://dx.doi.org/10.1016/j.bmc.2015.07.039
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3.1.6. (1R,4R,5S)-3-(2-Hydroxyethyl)-4,5-dihydroxy-2-
cyclopenten-l-yl]-4-amino-7-fluoroimidazo[4,5-c]pyridine (8b)

Yield: 58% (for two steps), white solid. 1H NMR (400 MHz,
CD3OD) d 8.13 (s, 1H), 7.60 (d, J = 3.6 Hz, 1H), 5.80 (dd, J = 1.6,
3.2 Hz, 1H), 5.56 (m, 1H), 4.55 (d, J = 5.2 Hz, 1H), 4.23 (dt, J = 1.6,
5.2 Hz, 1H), 3.81 (m, 2H), 2.52 (t, J = 6.4 Hz, 2H) 13C NMR
(100 MHz, CD3OD) d 150.6, 149.6, 143.3 (d, J = 241 Hz), 142.8,
130.5, 129.3 (d, J = 12 Hz), 126.5 (d, J = 23 Hz), 79.6, 76.4, 69.2,
60.9, 49.2, 33.7. Anal. Calcd for C13H15FN4O3: C, 53.06; H, 5.14; N,
19.04. Found: C, 52.99; H, 5.14; N, 18.87.

3.1.7. (1R,2S,3R,5R)-3-(4-Amino-6-fluoro-1H-imidazo[4,5-
c]pyridin-1-yl)-5-(hydroxymethyl)cyclopentane-1,2-diol (9a)

Yield: 59% (for two steps), white solid. 1H NMR (600 MHz,
DMSO-d6) d 8.12 (s, 1H), 6.58 (br, 2H), 6.43 (s, 1H), 5.00 (d,
J = 7.0 Hz, 1H), 4.87 (t, J = 5.0 Hz, 1H), 4.74 (d, J = 5.0 Hz, 1H), 4.52
(dd, J = 7.0, 19.2 Hz, 1H), 4.15 (m, 1H), 3.80 (m, 2H), 3.40 (m, 1H),
2.26 (m, 1H), 2.06 (m, 1H), 1.69 (m, 1H). 13C NMR (150.9 MHz,
DMSO-d6) d 158.7 (d, J = 220 Hz), 150.1 (d, J = 22 Hz), 141.3,
141.2, 124.6, 78.6 (d, J = 46 Hz), 75.2, 72.2, 62.8, 60.7, 45.2, 28.4.
Anal. Calcd for C12H15FN4O3: C, 51.06; H, 5.36; N, 19.85. Found:
C, 50.88; H, 5.50; N, 19.65.

3.1.8. (1R,2S,3R,5R)-3-(4-Amino-6-fluoro-1H-imidazo[4,5-
c]pyridin-1-yl)-5-(2-hydroxyethyl)cyclopentane-1,2-diol (9b)

Yield: 63% (for two steps), white solid. 1H NMR (400 MHz,
CD3OD) d 8.17 (s, 1H), 6.46 (s, 1H), 4.58 (m, 1H), 5.77 (m, 1H),
4.25 (dd, J = 6.0, 7.6 Hz, 1H), 3.84 (t, J = 6.0 Hz, 1H), 3.68 (m, 2H),
2.46 (m, 1H), 2.15 (m, 1H), 1.93 (m, 1H), 1.68 (m, 1H). 13C NMR
(100 MHz, CD3OD) d 160.9 (d, J = 225 Hz), 151.2 (d, J = 20 Hz),
143.5, 142.3, 125.4, 80.4 (d, J = 45 Hz), 76.8, 76.6, 63.0, 61.6, 41.9,
38.2, 33.5. Anal. Calcd for C13H17FN4O3: C, 52.70; H, 5.78; N,
18.91. Found: C, 52.60; H, 5.70; N, 18.78.

3.1.9. (1S,2R,3S,4R)-4-(4-Amino-6-fluoro-1H-imidazo[4,5-
c]pyridin-1-yl)cyclopen-tane-1,2,3-triol (9c)

Yield: 62% (for two steps), white solid. 1H NMR (400 MHz,
CD3OD) d 8.13 (s, 1H), 6.68 (s, 1H), 4.71 (m, 1H), 5.57 (dd, J = 4.4,
8.4 Hz, 1H), 4.14 (m, 1H), 3.94 (d, J = 4.4 Hz, 1H), 2.83 (m, 1H),
1.94 (m, 1H). 13C NMR (100 MHz, CD3OD) d 159.2 (d, J = 225 Hz),
149.7 (d, J = 21 Hz), 142.0, 141.1, 124.2, 79.2 (d, J = 45 Hz), 76.9,
75.9, 73.7, 60.6, 35.3. Anal. Calcd for C11H13FN4O3: C, 49.25; H,
4.89; N, 20.89. Found: C, 49.43; H, 4.96; N, 20.85.

3.1.10. (1R,4R,5S)-3-(Hydroxymethyl)-4,5-dihydroxy-2-
cyclopenten-l-yl]-4-amino-7-methylimidazo[4,5-c]pyridine
(10)

To a solution 23 (obtained in Section 3.1.2) in dry THF (20 mL)
was added Pd(Ph3P)4 (100 mg, 0.087 mmol). To this mixture,
AlMe3 (1.25 mL, 2.0 M in THF, 2.5 mmol) was added dropwise at
room temperature. The reaction mixture was then stirred at room
temperature for 1 h followed by heating at reflux for 12 h. The
reaction mixture was allowed to cool to room temperature and
was then diluted with Et2O (30 mL); this was washed with H2O
and brine and dried (anhydrous MgSO4). Concentration of the solu-
tion in vacuo gave 24 as a dark solid, which was used in the next
step without further purification.

Crude 24 was subjected to the hydrolysis procedure as with
19–22 and 28–30 to give 10: yield: 43% (for three steps), white
solid. 1H NMR (400 MHz, CD3OD) d 8.04 (s, 1H), 7.44 (s, 1H), 5.95
(dd, J = 2.0 Hz, 3.6 Hz, 1H), 5.77 (m, 1H), 4.62 (dd, J = 0.8 Hz,
5.6 Hz, 1H), 4.34 (dd, J = 2.0 Hz, 4.0 Hz, 2H), 4.12 (dd, J = 4.8 Hz,
5.6 Hz, 1H), 2.58 (s, 3H). 13C NMR (62.9 MHz, DMSO-d6) d 151.2,
151.0, 140.5, 140.4, 139.1, 137.6, 123.4, 106.7, 78.9, 72.5, 65.4,
58.6, 15.2. Anal. Calcd for C13H16N4O3�0.1 H2O: C, 56.15; H, 5.87;
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N, 20.15. Found: C, 55.91; H, 5.91; N, 19.85. HRMS calcd for
C13H17N4O3 [M+H]+, 277.1301, found 277.1292.

3.2. X-ray data for compounds 8a, 8b, and 13

Crystallographic data (excluding structure factors) for the struc-
ture in this paper have been deposited with the Cambridge
Crystallographic Data Centre with the following deposition num-
bers CCDC 1063211 (13), 1063212 (8a), and 1063213 (8b).
Copies of the data can be obtained, free of charge, on application
to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK, fax: +44
(0)1223 336033 or e-mail: deposit@ccdc.cam.ac.uk.

3.3. Antiviral assays

These assays are presented in Ref. 14.

3.4. S-Adenosylhomocysteine (AdoHcy) hydrolase assay

This assay is described in Ref. 14.
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