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Purine 2'-Deoxy-2'-fluororibosides as Antiinfluenza Virus Agents 
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Twenty purine 2/-deoxy-2/-fluororibosides were synthesized by enzymic pentosyl transfer from 
2'-deoxy-2'-fluorouridine. Each nucleoside analogue was assayed for cytotoxicity in uninfected 
Madin-Darby canine kidney cells and for their ability to suppress influenza A virus infections in 
these cells. The most potent antivirial activity was observed with analogues having an amino 
group in the 2-position of the purine moiety. All 2-unsubstituted analogues were less potent than 
their 2-amino counterparts. Furthermore, 2-methyl, 2-methoxy, or 2-fluoro substitution obliterated 
antivirial activity. The most cytotoxic member of the series was the 2-fluoro-6-amino analogue 
(ICso - 120 juM). 2'-Deoxy-2/-fluoroguanosine and those congeners readily converted to it by 
adenosine deaminase showed the most potent antivirial activity (IC50 = 15-23 juM). Little 
cytotoxicity was observed with this subgroup of analogues which renders them worthy of further 
investigation as potential antiinfluenza agents. 

Introduction 

Substitution of fluorine for hydrogen and/or hydroxyl 
in the pentosyl moiety of nucleosides has resulted in 
analogues with a wide variety of biological activities.1-7 

This highly electronegative substituent often increases 
the chemical7-9 and metabolic9-13 stability of the glycosidic 
bond and changes the pentosyl conformation (ring-
pucker).14-16 This latter property is an important differ
ence between RNA and DNA.17 

Pyrimidine nucleoside analogues with a 2'-deoxy-2'-
fluoroarabinosyl moiety (fluoro-up) have shown activity 
against the following viruses: herpes simplex, simian 
varicella, varicella-zoster, human cytomegalo,1,18-21 Ep-
stein-Barr,22 and hepatitis B.1-23-24 Some of these analogues 
have also shown antibacterial25 and antileukemic26,27 

activity. In contrast to their pyrimidine counterparts, 
purine nucleoside analogues of this type were reported to 
be inactive against herpes simplex virus, although they 
did inhibit the growth of leukemic cell lines2'9,10 and 
protozoa.28 

Of even more direct concern to this report are studies 
of nucleoside analogues with the 2'-deoxy-2'-fluororibosyl 
moiety (fluoro-down). Pyrimidine-containing members 
of this class have shown activity against herpes simplex,29-31 

pseudorabies, equine abortion,29 influenza, and varicella-
zoster32 viruses as well as antibacterial activity.26 Some 
also inhibit the growth of leukemic cells.33,34 Only three 
purine-containing analogues have been reported. The 
purine moieties of these analogues were adenine,35 hy-
poxanthine,36 and guanine.37 They and their correspond
ing nucleotides were used to study nucleic acid confor-
mation.14,17,36,38-42 Some of these nucleotides inhibit or 
inactivate certain enzymes.43,44 Some of the polynucle
otides induce interferon production in vitro.17,46 The 
anabolism of 2/-deoxy-2'-fluoroadenosine in mammalian 
cell lines has been described.12,46 Its deamination by 
adenosine deaminase and the slow phosphorolysis of the 
resulting inosine analogue by purine nucleoside phospho-
rylase has also been reported.12 We recently reported, for 
the first time, on the antiinfluenza activity of some purine 
2/-deoxy-2/-fluoronucleosides.47 Here we describe further 
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the synthesis of, and influenza virus inhibition by, a series 
of purine 2'-deoxy-2'-fluoronucleosides. 

Results and Discussion 

Chemistry. Synthetic data, physical properties, and 
1H-NMR spectral data of the purine 2/-deoxy-2'-fluoro-
ribosides are presented in Tables I, II, and III, respectively. 
The enzyme-catalyzed transfer of the pentosyl moiety from 
2'-deoxy-2/-fluorouridine to a variety of purines is depicted 
in Scheme I. This method involves two coupled reactions 
with a pentosyl 1-phosphate intermediate and has been 
used to prepare a variety of nucleoside analogues.48-61 

In general terms, pentosyl transfer from a pyrimidine 
pentosyl donor to a purine pentosyl acceptor is accom
plished using either uridine phosphorylase (UPase) or 
thymidine phosphorylase (TPase) and purine nucleoside 
phosphorylase (PNPase) as catalysts. The pyrimidine 
enzyme that is used depends on the pentosyl donor. In 
the synthesis of purine 2'-deoxy-2'-fluororibosides, reac
tions containing UPase vs TPase were compared. With 
UPase, almost no product was detected by TLC, in contrast 
to the easily detectable product in the reactions containing 
TPase. This result is consistent with the finding that 2'-
deoxy-2/-fluorouridine (0.5 mM) is not detectably phos-
phorolyzed by UPase (<0.0003% of the rate with uridine), 
whereas the reaction catalyzed by TPase was detectable 
but slow (0.0038 % of the rate with 2'-deoxyuridine) .62 The 
procedure for the synthesis of purine 2'-deoxy-2'-fluoro-
ribosides using soluble TPase and PNPase at 37 °C 
(method A) was similar to the procedure previously 
described for the synthesis of 2'-deoxyribosides.48 Com
pared to the synthesis of purine 2'-deoxyribosides, the 
synthesis of their fluorinated counterparts by this enzy
matic procedure (method A) required large amounts of 
enzyme and long reaction times to obtain acceptable yields. 
The slow rate of phosphorolysis of 2'-deoxy-2'-fluorouri-
dine by TPase mentioned above accounts for some of the 
inefficiency of this transfer. Further, it appears that the 
synthesis of the purine nucleoside products from 2'-deoxy-
2'-fluororibose 1-phosphate and purines was also slow. The 
rate of phosphorolysis of 2'-deoxy-2'-fluoroguanosine (11) 
(1.0 mM) by PNPase was only 0.0031% of the rate with 
2/-deoxyguanosine.52 The marked decrease in the rate of 
phosphorolysis of substrates by the Escherichia coli 
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Table I. Synthetic Data for Purine 2'-Deoxy-2'-fluororibosides 

purine substituent g y n t h e s i g « « £ » purification yield' 
R2 Re method" (days) methods6 (%) no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 

13 
14 
IS 
16 
17 
18 
19 

20 

R2 

H 
H 
H 
H 
H 
H 
F 
CH3 
OCH3 

NH2 

NH2 
NH2 

NH2 

NH2 
NH2 
NH2 

NH2 

NH2 

NH2 

NH2 

Re 

OH 
OCH3 
OCH2CH3 

SCH3 
NH2 
NHCHCCHz)^ 
NH2 
NH2 

NH2 

H 

OH 
OCH3 

OCH2CH3 
OCH2CH2CH3 
SCH3 
CI 
I 
CH3 

NH2 

NHCHfCHa)^ 

method" 

C 
A 
A 
B 
A 
A 
A 
A 
A 
A 
B 
C 
A 
B 
A 
A 
A 
A 
A 
A 
A 
B 
A 

(days) 

1 
45 
28 
8 

17 
20 
51 
42 
22 
35 
2 
4 

24 
2 

14 
14 
38 
57 
40 
20 
12 
2 

20 

methods6 

C 
A 
A,B1 
A,D1 
A 
A 
B1,B2 
A 
A, Bl, D2 
A 
A,D3 
F 
A 
A 
A 
A 
A 
Bl, C, E 
B1,C 
A,C,F 
A 
A 
A,D1 

(%] 

87 
54 
40 
78 
82 
67 
45 
19 
26 
74 
89 
92 
61 
83 
65 
66 
23 
34 
26 
55 
78 
94 
73 

0 Synthesis methods are described in more detail in Materials and 
Methods. In the synthesis of 9, the purine used was 2-fluoroadenine. 
After the enzymatic pentosyl transfer, the resulting product (7) was 
reacted with MeOH under basic conditions to form 9. A = pentosyl 
transfer from 2'-deoxy-2'-fluorouridine to a purine catalyzed by 
soluble TPase and PNPase at 37 °C. B = pentosyl transfer as in "A" 
except the enzymes were adsorbed to DEAE-cellulose and the reaction 
temperature increased to 50 °C. C = conversion of the 6-amino 
substituent of a purine 2'-deoxy-2'-fluororiboside to a 6-hydroxy 
substituent catalyzed by adenosine deaminase.b Purification methods 
are listed in the order in which they were performed. A = anion-
exchange chromatography on AG1X2 (hydroxide) in H 2 0 . The 
product was eluted with MeOH/H 2 0 (9/1). B = gel filtration 
chromatography on Bio-Gel P-2 in solvent 1 (l-propanol/H20 3/7) 
or 2 (H20). C = gel filtration chromatography on Sephadex G-10 in 
l-propanol/H20 3/7. D = adsorption chromatography on silica gel 
60 in solvent 1 (MeCN/H20 98/2), 2 (MeCN/H20 95/5), or 3 (CHCW 
MeOH/H 20 75/25/4). E = reversed-phase chromatography on Prep-
40-ODS in MeCN/H20 2/9& F = recrystallization from H 2 0 . C Yields 
were based on the amount of 2'-deoxy-2'-fluorouridine used except 
the yield for 20, which was based on the amount of purine used. 
i Cyclopropylamino. 

enzymes which resulted from a 2'-fluoro substituent is 
consistent with data published for nucleoside phospho-
rylases from bacterial and mammalian sources.9-13 

The long reaction times required in method A resulted 
in the accumulation of some 2,2'-anhydro-l-£-D-arabino-
furanosyluracil and 1-0-D-arabinofuranosyluracil in the 
reactions. These compounds were identified based on their 
TLC Rf values in several different systems. In addition, 
a few mg of l-/3-D-arabinofuranosyluracil was isolated from 
a large-scale reaction for the synthesis of 19 (which 
contained 50 g of 2'-deoxy-2'-fluorouridine) and was 
unequivocally identified by :H-NMR spectra and ele
mental analysis. Cyclization of 2'-halo-2'-deoxyribo8ides 
to form 2,2'-anhydro arabinosides and the subsequent 
hydrolysis of these 2,2'-anhydro nucleosides to form 
arabinosides has been reported.8-53 The formation of small 
amounts of uracil arabinoside in the reaction mixtures 
created the possibility that purine arabinosides could also 
be formed. Indeed, in some reaction mixtures, trace 
amounts of purine arabinoside products were detected.54 

The rate of phosphorolysis of uracil arabinoside (0.5 mM) 
by TPase is Vs that of 2'-deoxy-2'-fluorouridine, whereas 
the rate of phosphorolysis of guanine arabinoside (1.0 mM) 
by PNPase is 4000 times faster than that of 2'-deoxy-2'-
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fluoroguanosine.52 Apparently, the small concentration 
and slow rate of phosphorolysis of uracil arabinoside 
relative to the concentration and rate of phosphorolysis 
of 2/-deoxy-2'-fluorouridine was an important factor in 
limiting the formation of purine arabinoside byproducts. 
Although traces of purine arabinosides were detected by 
TLC in some reaction mixtures, no purine arabinosides 
were detectable in the purified 2'-deoxy-2'-fluororiboside8 
listed in Table II. 

Yields in individual reactions were mostly dependent 
on the aqueous solubility of the purine and its substrate 
efficiency for PNPase. In general, as solubility and 
substrate efficiency increased, yield increased and reaction 
time decreased. Because of the poor aqueous solubility 
of guanine, this purine was not directly used as a pentosyl 
acceptor. 2,6-Diaminopurine, which is approximately 500 
times more soluble, was used and the resulting product 
(19) deaminated using adenosine deaminase (ADase) 
(method C) to form 2'-deoxy-2'-fluoroguanosine (11). 

In order to overcome the problems of poor solubilities 
and long reaction times, the synthesis procedure using 
soluble enzymes (method A) was modified (method B). 
The enzymes were immobilized and stabilized by adsorp
tion onto DEAE-cellulose before addition to reaction 
mixtures. Enzyme immobilization allowed elevation of 
the reaction temperature from 37 °C to 50 °C. Since it 
has been shown that the enzymes are also stabilized by 
pentose 1-phosphates,48 the reactions were allowed to 
proceed at 37 °C for 24 h to allow pentose 1-phosphate 
accumulation before the temperature was increased to 50 
°C. These modifications reduced the reaction times and 
thereby reduced the formation of arabinosides. For the 
sake of comparison, compounds 10, 12, and 19 were 
synthesized using both methods A and B. In each case, 
the synthesis by method B resulted in a higher yield and 
shorter reaction time (Table I). 

The nucleoside analogue with 2-methoxy and 6-amino 
substituents (9) was synthesized inadvertently from the 
2-fluoro-6-amino analogue (7). A reaction mixture con
taining 7 (method A) was chromatographed on AG1X2 
(hydroxide) in water. The product was eluted with 
methanol/water (9/1). During chromatography, reaction 
of 7 with methanol under basic conditions displaced the 
2-fluoro substituent to give 9. After further purification, 
as indicated in Table I, the resulting product (9) was 
identified by lH NMR, mass spectrometry, and elemental 
analysis. 

Biology. The cytotoxicity and antiinfluenza A activity 
of compounds 1-20 are described in Table IV. None of 
these analogues were potent inhibitors of the growth of 
the Madin-Darby canine kidney (MDCK) cells. The most 
cytotoxic analogue was the 2-fluoroadenine-containing 
analogue (7, IC^ = 120 nM). 

The antiinfluenza activity was generally strongest with 
those analogues containing a 2-amino substituent on the 
purine ring (10-20). In every case where appreciable 
activity was observed, the 2-amino-substituted analogue 
was more potent than its 2-unsubstituted counterpart. A 
comparison of the effect of different 2-substituents was 
made with the 6-amino-substituted analogue. The anti
viral activity was best with the 2-substituent as amino 
(19, IC50 = 15 fiM), weaker as hydrogen (5, IC50 • 52 MM), 
and not appreciable as fluoro (7), methyl (8), or methoxy 
(9). The activity of 2'-deoxy-2'-fluoroadenosine (5) was 
enhanced when tested in the presence of the adenosine 
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Table II. Physical Properties of 2'-Deoxy-2'-fluororibosides 

no. 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 
18 

19 

20 

formula" 

C10H11FN4O.H2O 
CiiH13FN4O4-0.3H2O 

Ci2Hi6FN4O4-0.5H2O 
CnHl3FN4O3-0.3H2O 
CioHi2FN503-0.6H20 
C13Hi6FN6O3-0.4H2O 
CioHnF2N603-0.3H20 
CnH^NsOs-HjO 
CnHi4FN6O4-0.8H2O 

CioHi2FN603-0.6H20 

C10HuFN.sO4-l.3H2O 

CuH^N^-O.SHjO 

djHieFNsOvO^HjO 

Ci3Hi8FNsO4-0.8H2O 

CuHi4FN5O3S-0.5H2O 

CioHuClFN603 

CioH„FIN603-0.6H20 
CiiH14FN6O3-0.4H2O 

CioHisFNeOs-UHsO 

Ci3Hi7FN6O3-0.6H2O 

mp (°C) 

\lhd 

182 

86 
95e 

226/ 
208 
228 
121 
163 

152 

>250 

201 

85 

93 

86 

212* 

\Z& 
215 

124 

120 

0.1 N HC1 

249 (11.8) 
250 (8.72) 
259 (sh) 
249 (11.4) 
292.5 (17.7) 
257 (14.6) 
264 (19.1) 
261.5 (13.4) 
256.5 (9.99) 
275 (13.1) 
246 (9.43) 
313 (4.00) 
240-245 (4.90) 
257 (12.2) 
280 (sh) 
288 (7.85) 
244.5 (6.43) 
288 (8.78) 
244.5 (7.19) 
289 (9.05) 
245 (7.37) 
327 (11.6) 
250 (11.2) 
263 (sh) 
309 (6.00) 
247 (5.60) 
318 (7.94) 
311 (5.00) 
247 (4.80) 
291 (10.2) 
252 (11.8) 
295.5 (14.3) 
254 (12.7) 

UV Xmal U X 10-3)" 

pH7 

248.5 (12.0) 
248 (8.95) 
259 (sh) 
248 (11.7) 
287-291 (19.1) 
258.5 (14.5) 
268 (18.2) 
261 (14.1) 
262 (10.6) 
267 (16.2) 

304 (7.00) 
243 (6.20) 
252.5 (13.9) 
271 (sh) 
279.5 (8.09) 
248 (8.85) 
280 (8.96) 
247.5 (9.55) 
280 (9.28) 
248 (9.82) 
311 (12.8) 
246 (15.1) 
257 (sh) 
307.5 (6.30) 
247 (5.80) 
315 (8.30) 
300 (6.60) 
245.5 (6.10) 
278.5 (10.3) 
255 (9.69) 
282 (14.8) 
262 (sh) 

0.1 N NaOH 

253 (13.0) 
250 (9.14) 
259 (sh) 
249 (12.0) 
287-291 (19.3) 
260 (14.9) 
268 (18.6) 
261.5 (14.4) 
262.5 (10.8) 
268 (13.5) 

304 (7.30) 
243 (5.90) 
257-264 (10.9) 

280 (8.40) 
248.5 (8.59) 
280 (9.25) 
249 (9.15) 
280.5 (9.67) 
249.5 (9.55) 
311 (13.3) 
246 (14.8) 
257 (sh) 
307 (6.40) 
247 (5.30) 
315 (8.36) 
300 (6.90) 
245 (5.70) 
279 (10.6) 
255 (9.69) 
282 (15.2) 
262 (sh) 

TLC Rf 
(system)' 

0.78 (C) 
0.65 (SI) 

0.59 (S3) 
0.68 (S4) 
0.56 (C) 
0.47 (SI) 
0.67 (C) 
0.59 (C) 
0.53 (C) 

0.62 (C) 

0.60 (S2) 

0.65 (SI) 

0.63 (C) 

0.62 (SI) 

0.62 (C) 

0.60 (C) 

0.57 (C) 
0.70 (C) 

0.48 (S2) 

0.51 (SI) 

0 Satisfactory elemental analyses (±0.4%) were obtained for all compounds.b sh = shoulder.c All compounds were one spot by TLC except 
17, which had one trace spot (Rf = 0.25). C = cellulose sheets developed in H20, S - silica gel plates developed in CH3CN/H2O/NH4OH 85/10/5 
(1) or CH3CN/H20 85/15 (2), 95/5 (3), or 98/2 (4). " Partial melt at 125 °C.« Partial melt at 75 °C. / Decomposes. * Partial melt at 205 °C. 
>> Partial melt at 109 °C. 

deaminase inhibitor EHNA (ery£/iro-9-(2-hydroxy-3-non-
yl)adenine). The weak activity shown in Table IV for this 
intrinsically active compound was, therefore, probably due 
to its incomplete deamination to the inactive inosine 
analogue (1). 

Within the 2-amino-substituted series, the 2'-fluoro 
analogue of 2'-deoxyguanosine (11) and those congeners 
(12, 16, 17, 19) that were readily converted to it by 
adenosine deaminase66 had the most potent antiviral 
activity. Because compounds 12 and 19 were inactive when 
tested in the presence of EHNA, it appears that 11 was 
the only intrinsically active 2-amino-substituted compound 
and that the other active 2-amino-substituted compounds 
were prodrugs of 11. 

2'-Deoxy-2'-fluoroguanosine (11) was a substrate for calf 
thymus deoxycytidine kinase.62 It had a Km value of 0.89 
mM, whereas this value for 2/-deoxyguanosine was 0.18 
mM. The V^w value was 23% of that of 2'-deoxygua-
nosine. It, therefore, appears probable that this enzyme 
was involved in the anabolism of the active 2-amino-
substituted compounds. 

The in vitro selectivity of the more potent 2-amino-
substituted analogues (11, 12, 16,17,19) rendered these 
compounds sufficiently interesting for further biological 
studies that will be published elsewhere. The 2-amino-
6-substituted congeners that did not show appreciable 
antiviral activity in the in vitro assay should not necessarily 
be dismissed. The metabolic pathways that can convert 
some of these compounds to 11 or indirectly to its 
nucleotides might be lacking or low in cultured cells. One 

known example of this is the 2-amino-6-unsubstituted 
analogue (10), which is converted by xanthine oxidase to 
11 in vivo. 

Experimental Section 

Materials. Adenine was purchased from United States 
Biochemical Corp., Cleveland, OH. 2-Aminopurine and 2,6-
diaminopurine were purchased from Pacific Chemical Labora
tories, Albany, OR. 2-Amino-6-methylpurine was purchased from 
Cyclo Chemical Co., Los Angeles, CA. 6-Methylthiopurine was 
purchased from Aldrich Chemical Co., Milwaukee, WI. 2'-
Deoxyguanosine, 2'-deoxyuridine, uridine, 9-/9-D-arabinofurano-
sylguanine, and 1-0-D-arabinofuranosyluracil were purchased 
from Calbiochem Corp., San Diego, CA. 6-Methoxypurine, 
6-ethoxypurine, 2-methyladenine (hemisulfate), 2-amino-6-chlo-
ropurine, 2-amino-6-methylthiopurine, and 2,2'-anhydro-l-/3-D-
arabinofuranosyluracil were purchased from Sigma Chemical Co., 
St. Louis, MO. 2-Amino-6-methoxypurine,56 2-amino-6-ethoxy-
purine,56 2-amino-6-propoxypurine,56 2-amino-6-iodopurine,67 

2-fluoroadenine,58 6-(cyclopropylamino)purine,69 2-amino-6-(cy-
clopropylamino)purine hydrochloride,60 and l-(2-deoxy-2-fluoro-
/S-D-ribofuranosyl)uracil8 were synthesized at the Wellcome 
Research Laboratories. AGlX2-hydroxide form (200-400 mesh) 
anion exchange resin and Bio-Gel P-2 (200-400 mesh) gel filtration 
medium were purchased from Bio-Rad Laboratories, Richmond, 
CA. Sephadex G-10 (40-120 nm) gel filtration medium was 
purchased from Pharmacia LKB Biotechnology Inc., Piscataway, 
NJ. Silica gel 60 (230-400 mesh) for column chromatography 
and thin-layer chromatography plates of silica gel 60 F-254 were 
purchased from EM Science, Cherry Hill, NJ. Hi-chrom Prep-
40-ODS, a Cis-derivatized silica gel (32-74 Mm) for reversed-
phase chromatography, was purchased from Regis Chemical Co., 
Morton Grove, IL. DE-52, a microgranular DEAE-cellulose, was 
purchased from Whatman, Clifton, NJ. Cellulose sheets with 

C10HuFN.sO4-l.3H2O


Table III. 'H-NMR Parameters for Purine 2'-Deoxy-2/-fluororibosides° 

no. 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

13 

14 

IS 
16 
17 
18 
19 
20 

H-8* 

8.33 s 
8.63 s 
8.59 s 

8.75 s 
8.35 s 
8.35 s 

8.35 s 
8.28 s 
8.16 s 
8.31s 
7.95 s 
8.12 s 

8.11s 

8.11s 

8.19 s 
8.37 s 
8.33 s 
8.23 s 
7.93 s 
7.93 s 

H-2* 

8.09 s 
8.58 s 
8.53 s 

8.67 s 
8.14 s 
8.24 s 

2-NH2 

6.64 s 
6.56 s 
6.57 s 

6.51s 

6.51s 

6.63 s 
7.07 s 
6.96 s 
5.52 s 
5.82 s 
5.88 s 

6-NHj 

7.36 s 

7.92 s 
7.29 s 
7.37 s 

6.76 s 

H I ' 

6.21 dd 
6.34 dd 
6.31 dd 

6.32 dd 
6.21 dd 
6.23 dd 

6.14 dd 
6.21 dd 
6.13 dd 
6.15 dd 
6.01 dd 
6.11 dd 

6.10 dd 

6.10 dd 

6.11 dd 
6.12 dd 
6.09 dd 
6.12 dd 
6.03 dd 
6.04 dd 

3'-OH 

5.75 bs 
5.76 d 
5.70 d 

5.72 d 
5.71 d 
5.68 d 

5.73 d 
5.74 d 
5.71 d 
5.68 d 
5.67 d 
5.69 d 

5.68 d 

5.68 d 

5.69 d 
5.72 d 
5.69 d 
5.69 d 
5.64 d 
5.62 d 

chemical shifts, d 

H-2' 

5.36 ddd 
5.45 ddd 
5.43 ddd 

5.44 ddd 
5.42 ddd 
5.42 ddd 

5.38 ddd 
5.43 adt 
5.45 ddd 
5.37 ddd 
5.25 ddd 
5.31 ddd 

5.31 ddd 

5.31 ddd 

5.33 ddd 
5.34 ddd 
5.33 ddd 
5.35 ddd 
5.30 ddd 
5.30 adt 

5'-OH 

5.20 bs 
5.171 
5.121 

5.121 
5.251 
5.201 

5.111 
5.491 
5.111 
5.141 
5.151 
5.171 

5.171 

5.171 

5.161 
5.191 
5.161 
5.151 
5.271 
5.231 

H-3' 

4.43 m 
4.50 m 
4.51m 

4.50 m 
4.47 m 
4.46 m 

4.47 m 
4.46 m 
4.53 m 
4.44 m 
4.37 m 
4.40 m 

4.41m 

4.40 m 

4.42 m 
4.42 m 
4.42 m 
4.43 m 
4.38 m 
4.38 m 

H-4' 

3.97 m 
4.00 m 
3.98 m 

3.98 m 
3.97 m 
3.97 m 

3.96 m 
4.01m 
3.95 m 
3.96 m 
3.93 m 
c 

3.94 m 

3.95 m 

3.95 m 
3.96 m 
3.95 m 
3.95 m 
3.92 m 
3.92 m 

H-5'a 

3.75 m 
3.75 m 
3.73 m 

3.77 m 
3.74 m 
3.73 m 

3.75 m 
3.74 m 
3.73 m 
3.75 m 
3.72 m 
3.74 m 

3.75 m 

3.75 m 

3.75 m 
3.76 m 
3.77 m 
3.75 m 
3.71m 
3.69 m 

H-S'b 

3.59 m 
3.62 m 
3.61m 

3.58 m 
3.56 m 
3.55 m 

3.59 m 
3.59 m 
3.49 m 
3.59 m 
3.58 m 
3.58 m 

3.59 m 

3.59 m 

3.59 m 
3.61m 
3.60 m 
3.59 m 
3.57 m 
3.59 m 

other 

12.41 (bs, 1H, H-Nl) 
4.11 (s, 3H, 6-OCH3) 
4.59 (q, 2H, 6-OCH2, 

J = 7.0 Hz), 1.40 
(t,3H,CH3,«7 = 
7.0 Hz) 

2.66 (s, 3H, 6-SCH3) 

7.98 (bd, 1H, 6-NH, 
J = 4.10), 3.04 
(m, 1H, NCH), 0.66 
(m,4H,CH2CH2) 

2.39(s,3H,2-CH3) 
3.82(s,3H,2-OCH3) 
8.61 (s, 1H, H-6) 
10.63 (bs, 1H, H-Nl) 
3.95 (m,4H, H-4'and 

6-OCH3) 
4.46 (q, 2H, 6-OCH2, 

J =7.1 Hz), 1.36 
(t .SH.CHj,, .^ 
7.1Hz) 

4.36 (t, 2H, 6-OCH2, 
«/ = 6.7 Hz), 1.77 
(asex,2H,CH2, 
J = 7.1 Hz), 0.97 
(t,3H,CH3,J = 
7.5 Hz) 

2.58 (s, 3H, 6-SCH3) 

2.48 (s, 3H, 6-CH3) 

7.38 (bd, 1H, 6-NH, 
J = 4.5 Hz), 3.10 
(m, 1H, NCH), 
0.62 (m, 4H, 
CH2CH2) 

Jl'f 

16.8 
17.1 
17.0 

17.1 
16.8 
16.8 

17.1 
16.1 
17.9 
16.6 
16.6 
16.6 

16.5 

16.6 

16.7 
16.6 
16.7 
16.7 
16.4 
16.4 

coupling constants, Hz 

Jvz 

2.4 
2.4 
2.5 

2.3 
3.0 
2.9 

2.4 
3.7 
2.9 
2.4 
2.7 
2.7 

2.9 

2.9 

2.7 
2.0 
2.4 
2.8 
3.3 
3.3 

Jrj 

52.7 
52.7 
52.9 

52.8 
53.0 
53.0 

52.7 
52.7 
53.3 
52.9 
52.7 
53.0 

52.9 

53.0 

53.0 
52.9 
52.8 
53.0 
53.1 

~53.7 

Jtft 

4.4 
4.3 
4.4 

4.0 
4.5 
4.6 

4.4 
c 
4.4 
4.2 
4.4 
4.4 

4.4 

4.3 

4.3 
4.2 
4.2 
4.4 
4.4 
c 

Jr-OHjr 

c 
6.1 
6.3 

6.3 
6.0 
5.9 

5.9 
5.9 
6.1 
6.2 
6.1 
6.1 

6.0 

6.0 

5.8 
6.4 
6.3 
6.1 
6.0 
5.9 

«'«'-OIW 

c 
4.1 
5.4 

5.4 
5.6 
5.6 

5.6 
5.8 
5.6 
5.3 
5.6 
4.2 

5.4 

5.4 

5.4 
5.3 
5.3 
5.4 
5.5 
5.4 

" Spectra were recorded in Me^SO-ds- Signals are quoted as s (singlet), bs (broad singlet), d (doublet), bd (broad doublet), dd (double doublet), ddd (double double-
doublet), t (triplet), a dt (apparent double triplet), q (quartet), ab q (ab quartet), a sex (apparent sextet), and m (multiplet). 6 Assignments for H-8 and H-2 are not 
unequivocal and may be reversed.c Values not established due to signal overlap. 
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Table IV. Antiinfluenza Activity and Cytotoxicity of Purine 
2'-Deoxy-2'-fluororibosides in Dog Kidney (MDCK) Cells 

Re 

HO F 

no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

£V2 

H 
H 
H 
H 
H 
H 
F 
CH3 
OCH3 
NH2 
NH2 
NH2 
NH2 
NH2 
NH2 
NH2 
NH2 
NH2 
NH2 
NH2 

Re 
OH 
OCH3 
OCH2CH3 
SCH3 
NH2 
NHCH(CH2)2" 
NH2 
NH2 
NH2 
H 
OH 
OCH3 
OCH2CH3 
OCH2CH2CH3 
SCH3 
CI 
1 
CH3 
NH2 
NHCH(CH2)2" 

ICM 

antiviral 

>100 
>100 
>100 
>100 

52 
>100 
>100 
>100 
>100 
>100 

19 
16 
29 
36 

>100 
17 
23 

>100 
15 
72 

AlM) 
cytotoxicity 

>500 
>500 
>500 
>500 

320 
>500 

120 
>500 
>500 
>500 

440 
>500 
>500 
>500 
>500 
>500 

300 
>500 
>500 
>500 

° Cyclopropylamino. 

Scheme I 

Eeoff 
Thymidine 

Phosphorylase cfSK 
HO F 

O 
11 

HO —P—O-

HO 

HO F 

O-P—O-

O-

Ecoli 
Purine Nucleoside 

Phosphorylase 

fluorescent indicator for thin-layer chromatography were pur
chased from Eastman Kodak Co., Rochester, NY. Coomassie 
Blue G-250 protein assay reagent was purchased from Pierce 
Chemical Co., Rockford, IL. 

Enzyme Catalysis. TPase (EC 2.4.2.4), PNPase (EC 2.4.2.1), 
and UPase (EC 2.4.2.3) were purified from E. coli as previously 
described.48 Solutions of each of these enzymes in 5 mM 
potassium phosphate buffer pH 7.0 were stored at -70 °C. ADase 
(EC 3.5.4.4) from calf intestine was purchased from Boehringer 

Mannheim Biochemicals, Indianopolis, IN. Suspensions of this 
enzyme in 3.2 M (NH^SO* were stored at 4 °C. TPase,61 UPase,61 

and ADase62 were assayed spectrophotometrically as previously 
described. PNPase was assayed using the xanthine oxidase 
coupled spectrophotometric assay with 1.0 mM inosine as 
substrate. Assay conditions were as previously described63 except 
the concentration of potassium phosphate was 0.1 M. Enzyme 
activities are expressed as international units (IU). One inter
national unit of activity will convert 1 /tmol of substrate to product 
in 1 min at 25 °C under the defined assay conditions. In some 
reactions, enzymes which had been adsorbed onto DEAE-cellulose 
were used. DE-52 was equilibrated with 5 mM potassium 
phosphate buffer which contained 0.04% (w/v) KN3 as an 
antimicrobial agent. After the excess buffer was removed by 
filtration through a sintered glass funnel, portions of this moist 
DE-52 were added batchwise, with gentle stirring, to a mixture 
of TPase and PNPase (2 IU of PNPase/IU of TPase) in the 
above buffer until >99 % of the protein had been adsorbed. Each 
milliliter of the final enzyme-DEAE-cellulose suspension con
tained 0.45 g of DE-52,1660 IU of TPase, and 3330 IU of PNPase 
(IU of enzyme based on the IU of soluble enzyme added). This 
suspension was stored at 4 °C. Protein was assayed using the 
method of Bradford.64 

Enzymatic Syntheses. Conversion of reactants to products 
was followed by thin-layer chromatography (TLC) using the 
systems listed in Table II. Detection of purines, pyrimidines, 
and nucleosides on TLC was by UV light. Solvents were 
evaporated under reduced pressure with a rotary evaporator at 
temperatures not above 50 °C. The synthesis methods, reaction 
times, purification methods, and yields for the purine 2'-deoxy-
2'-fluororibosides are listed in Table I. The synthesis methods 
are described below. 

Method A. These reactions were catalyzed by soluble enzymes. 
Reaction mixtures contained 5 mM of potassium phosphate 
buffer, pH 7, and 0.04% (w/v) KN3 as an antimicrobial agent. 
Mixtures were stirred at 37 °C, and the typical reaction contained 
1.6 mmol of pentosyl donor, 4.1 mmol of purine, 6000 IU of TPase, 
and 11800 IU of PNPase. Except for the synthesis of 20, the 
reactions typically contained 2.5 times as much purine as pentosyl 
donor. The reactions typically contained twice as much PNPase 
as TPase. Method A is exemplified by the synthesis of 5. 

6-Amino-9-(2-deoxy-2-fluoro-/8-D-ribofuranosyl)-9£r-pu-
rine (5). Adenine (0.80 g, 5.9 mmol) and l-(2-deoxy-2-fluoro-
/3-D-ribofuranosyl)uracil (0.40 g, 1.6 mmol) were suspended in 20 
mL of 5 mM potassium phosphate buffer, pH 7.0, which contained 
0.04% (w/v) KN3. TPase (2400 IU) and PNPase (3900 IU) were 
added, and the suspension was stirred at 37 °C. On day 6, the 
reaction was diluted to 100 mL with the above buffer. On day 
17, the suspension was filtered and the filtrate was evaporated. 
The residue was suspended in warm water. The suspension was 
filtered and the filtrate applied to a 1.5 x 12 cm column of AG1X2 
(hydroxide). The product was eluted with water. Product 
containing fractions were combined, and the solvent was evap
orated. The residue was dissolved in water and lyophilization 
yielded 0.363 g (82%) of 5 that analyzed as a 0.6 hydrate. 

Method B. These reactions were catalyzed by enzymes 
adsorbed to DEAE-cellulose. Reaction mixtures contained 5 mM 
potassium phosphate buffer, pH 7, and 0.04% (w/v) KN3 as an 
antimicrobial agent. Mixtures were shaken at 37 °C for 24 h and 
then the temperature increased to 50 °C. Typical reactions 
contained 2.7 mmol of pentosyl donor, 23 mmol of purine, 42 000 
IU of TPase, and 83 000 IU of PNPase. The reactions typically 
contained 9.4 times as much purine as pentosyl donor. Method 
B is exemplified by the synthesis of 19. 

2,6-Diamino-9-(2-deoxy-2-fluoro-0-D-ribofuranosyl)-9£T-
purine (19). 2,6-Diaminopurine (2.0 g, 12.7 mmol) and l-(2-
deoxy-2-fluoro-/J-D-ribofuranosyl)uracil (0.8 g, 3.3 mmol) were 
suspended in 500 mL of 5 mM potassium phosphate buffer, pH 
7.0, which contained 0.04% (w/v) KN3. TPase (42 000 IU) and 
PNPase (84 000 IU) which had been absorbed onto 10.5 g of 
DEAE-cellulose (25 mL) were added, and the suspension was 
shaken at 37 °C. After 24 h, 2.0 g of 2,6-diaminopurine was 
added and the temperature increased to 50 °C. After another 
24 h, the reaction was filtered. The filter cake was washed with 
water, the filtrates were combined, and the solvent was removed 
under vacuum. The residue was dissolved in hot water and the 
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pH adjusted to pH 9.4 with NH4OH. The solution was applied 
toa2.5X 13cmcolumnof AG1X2 (hydroxide). After the column 
was washed with water, the product was eluted with methanol/ 
water (9/1). Product-containing fractions were combined, and 
the solvent was removed under vacuum. The residue was 
dissolved in water and applied to another column of AG1X2, and 
the product was eluted as above. Product-containing fractions 
were combined, and the solvent was removed under vacuum. 
The residue was dissolved in water and lyophilization yielded 
0.89 g (94%) of 19 that analyzed as a 0.5 hydrate. 

Method C. In this method, ADase catalyzed the conversion 
of the 6-amino substituent of a purine 2'-deoxy-2'-fluororiboside 
to the corresponding 6-hydroxy substituent. The purine 2'-deoxy-
2'-fluororibonucleoside (0.64-1.0 mmol), prepared by method A 
or B, was dissolved in water and 4 IU of adenosine deaminase 
was added. The reaction was incubated at 37 °C. Method C is 
exemplified by the synthesis of 11 from 19. 

9-(2-Deoxy-2-fluoro-/3-D-ribofuranosyl)guanine (11). 2,6-
Diamino-9-(2-deoxy-2-fluoro-/J-D-ribofuranosyl)-9if-purine(19; 
0.20 g, 0.64 mmol), prepared as described above, was dissolved 
in 15 mL of water. Adenosine deaminase (4 IU) was added and 
the solution incubated at 37 °C for 4 days. The solution was 
cooled to 4 °C. After 3 h, the suspension was filtered to remove 
the first batch of product crystals. The volume of the filtrate 
was reduced under vacuum and the suspension cooled to 4 °C. 
The suspension was filtered to remove the second batch of product 
crystals. The batches of product crystals were combined and 
suspended in water, and lyophilization yielded 0.182 g (92%) of 
11 that analyzed as a 1.3 hydrate. 

Physical Characterization of Compounds. Melting points 
were determined on a Thomas-Hoover capillary apparatus and 
are uncorrected. Elemental analyses for fluorine were performed 
by Galbraith Laboratories, Knoxville, TN. Elemental analyses 
for elements other than fluorine were performed by Atlantic 
Microlabs, Atlanta, GA. Elemental analyses were within 0.4% 
of the theoretical values. Proton nuclear magnetic resonance 
spectra (!H NMR) were recorded at ambient temperature on a 
Varian XL-200, XL-250, or XL-300 spectrophotometer in Me2-
SO-de with Me4Si as the internal standard. The presence of H20 
as indicated by elemental analysis was verified by 'H NMR. 
Ultraviolet spectra (UV) were recorded on a Gilford 250, a Perkin-
Elmer Lambda 7, or a Kontron Uvikon 870 spectrophotometer. 

Antiinfluenza Activity. Compounds were evaluated for 
antiinfluenza [A/Sweden/3/50 (H1N1)] activity in Madin-Darby 
canine kidney (MDCK) cells by plaque reduction as described 
previously.65 Confluent monolayers of MDCK cells in 35 mm 
diameter plastic petri dishes were infected, in the presence of 
test compound, with 50-150 plaque forming units of virus 
suspension. The cell monolayer was then overlaid with nutrient 
agarose containing 0.1 ug/mL trypsin, 100 ug/mL DEAE-dextran, 
and the test compound at an appropriate concentration. After 
incubation at 36 °C for 3-4 days, the cell monolayer was fixed 
with formalin and stained with methyl violet. The plaques of 
dead cells resulting from viral growth were counted. Plaque 
counts, expressed as a percentage of the infected control (no 
compound) value, were determined in triplicate at each compound 
concentration. The mean was plotted against the logarithm of 
the compound concentration to yield a dose-response curve from 
which the 50% inhibitory concentration (ICeo) was determined. 

Cytotoxicity Evaluation. The effect of compounds on 
dividing MDCK cells was determined in 24-well microtitre plates 
seeded at 2 X 104 cells/well. Compound was included in the 
growth medium at various concentrations and cell growth 
compared with untreated controls over 4 days incubation (3-4 
cell doublings). Cell viability was quantified spectrophotomet-
rically after adding the tetrazolium dye, 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT), which was me
tabolized by viable cells to the blue Formazan derivative, and 
solubilizing cells using acidified 2-propanol. Results are expressed 
as ICgo values. 
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