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were combined, and the solvent was evaporated. The residue was
dissolved in a 1:1 mixture of water-dioxane, filtered, and lyo-
philized to give N¥-(benzyloxycarbonyl)-N2-[(S)-y-[ (benzyloxy-
carbonyl)amino]-a-hydroxybutyryllnebramine (1.06 g, 79% yield).
N¥-(Benzyloxycarbonyl)- N?-[(S)-v-[ (benzyloxycarbonyl)-
amino]-a-hydroxybutyryllnebramine (975 mg) was dissolved in
a mixture of dioxane (20 mL), water (20 mL), and glacial acetic
acid (1 mL). Palladium on charcoal (5%, 270.mg) was added and
the mixture was hydrogenated at 40 psi overnight at ambient
temperature. The palladium catalyst was removed by filtration
and the filtrate was concentrated under reduced pressure and then
loaded onto a column of 200 mL of Bio-Rex 70 (ammonium
hydroxide cycle, pH 8.6). After first eluting with a gradient of
0.005 N ammonium hydroxide (2 L) and 0.4 N ammonium hy-
droxide (3 L), the desired product was eluted with 0.5 N am-
monium hydroxide. The fractions containing the desired product
were combined and lyophilized to yield N?-[(S)-v-amino-a-
hydroxybutyryl]nebramine (40) (397 mg, 70% yield).
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Synthesis and Antitumor Activity of Fluorine-Substituted
4-Amino-2(1H )-pyridinones and Their Nucleosides. 3-Deazacytosines
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Novel fluorine-substituted deaza analogues of 5-azacytidine (AZC) and 5-aza-2-deoxycytidine (dAZC) (3-deazacytosines)
have been synthesized and tested for antitumor activity. Thus, 4-amino-3,5-difluoro-1-8-D-ribofuranosyl-2(1H)-
pyridinone (16), 4-amino-3-fluoro-1-8-D-ribofuranosyl-2(1H)-pyridinone (17), 4-amino-5-fluoro-1-8-D-ribo-
furanosyl-2(1H)-pyridinone (18), 4-amino-1-(2-deoxy-8-D-erythro-pentofuranosyl)-3,5-difluoro-2(1 H)-pyridinone (25),
4-amino-1-(2-deoxy-B-D-erythro-pentofuranosyl)-3-fluoro-2(1 H)-pyridinone (26), 4-amino-1-(2-deoxy-a-D-erythro-
pentofuranosyl)-3,5-difluoro-2(1H)-pyridinone (27), and 4-amino-1-(2-deoxy-a-D-erythro-pentofuranosyl)-3-
fluoro-2(1H)-pyridinone (28) were prepared by standard glycosylation procedures. Requisite heterocycle 4-
amino-3,5-difluoro-2(1H)-pyridinone (6) was prepared in five steps from pentafluoropyridine (1). Other requisite
fluoro heterocycles, 4-amino-3-fluoro-2(1H)-pyridinone (7) and 4-amino-5-fluoro-2(1H)-pyridinone (8), were obtained
from a bis-defluorination of 4-amino-3,5,6-trifluoro-2(1H)-pyridinone (3) with hydrazine. Acetylation of 17 provided
4-amino-3-fluoro-1-(2,3,5-tri-O-acetyl-8-D-ribofuranosyl)-2(1H)-pyridinone (29). Structure proof of target nucleosides
and heterocyclic compounds was provided by X-ray diffraction, '°F and 'H NMR, and UV. The IDj, values of
fluorine-substituted 3-deazacytosines and 3-deazacytidines were greater than 1 X 10 M in L1210 lymphoid leukemia
cells in culture. Nucleoside 17 and its tri- and tetraacetates were the most active compounds with IDjy, values of
1.07 X 1078, 1.23 X 1075, and 1.25 X 1075 M, respectively. The target nucleosides and intermediate heterocycles were
inactive against P388 and L1210 lymphocytic leukemia in mice, except nucleoside 17 (NSC-378066) and its triacetate
29 (NSC-382021). Nucleoside 17 exhibited confirmed DN2 activity (% T/C 169~230) at five dose levels (25-300

mg/kg). Prodrug 29 exhibited similarly confirmed L1210 in vivo activity.

5-Azacytidine! (AZC) and 5-aza-2'-deoxycytidine (dAZC)
are toxic to cells in culture?® and are effective antileukemic
agents in humans.%#® Furthermore, the properties of cy-
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totoxicity and anticancer activity may not be related,® and
thus they may be noncytotoxic anticancer agents.” At low,
sublethal concentrations, the major biochemical effect of
AZC and dAZC is rapid inhibition of DNA methylation,
caused by irreversible inactivation of DNA-cytosine me-

*Present address: Eastman Kodak Company, Life Sciences
Division, Rochester, NY 14650.
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thyltransferase.® At these concentrations, AZC and dAZC
induce a variety of undifferentiated cells to differentiate,
presumably by inhibition of DNA methylation.®*® It is
noteworthy that the activity of dAZC against L1210 leu-
kemia in mice correlates well with its inhibition of DNA

(1) Abbreviations used are as follows: AZC, 5-azacytidine; dAZC,
2’-deoxy-5-azacytidine; 3-deaza-C, 3-deazacytidine; dC, 2'-
deoxycytidine; ara-C, 1-g-pD-arabinofuranosylcytosine; dFC,
2’-deoxy-5-fluorocytidine; FC, 5-fluorocytidine; DAU, 3-de-
azauridine; NCI, National Cancer Institute.

(2) Glazer, R. I.; Knode, M. C. Mol. Pharmacol. 1984, 26, 381.

(3) Momparler, R. L.; Momparler, L. F.; Samson, J. Leuk. Res.
1984, 8, 1043.

(4) Karon, M.; Sieger, L.; Leimbrock, 8.; Finkelstein, J. Z.; Nesbit,
M. E.; Swaney, J. J. Blood 1973, 42, 359.

(5) Rivard, G. E.; Momparler, R. L.; Demers, J.; Benoit, P.; Ray-
mond, R.; Lin, K. T.; Momparler, L. F.. Leuk. Res. 1981, 5, 453.

(6) Pinto, A.; Attadia, V.; Fusco, A.; Ferraro, F.; Spada, O. A,;
DiFiore, P. P. Blood 1984, 64, 922 and references therein.

(7) For a recent review of noncytotoxic anticancer agents, see:
Bloch, A. Cancer Treat. Rep. 1984, 68, 199.

(8) Creusot, F.; Acs, G.; Christman, J. K. J. Biol. Chem. 1982, 257,
2041.

(9) Jones, P. A.; Taylor, S. W. Cell 1980, 20, 85.
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methylation.!® Moreover, dAZC and AZC have been
shown not to be potent inhibitors of DNA synthesis in
L1210 cells whereas ara-C, also an analogue of cytidine and
structurally similar to dAZC and AZC, is a potent inhibitor
of L1210 DNA synthesis but does not inhibit DNA-cyto-
sine methyltransferase.? Although it has not been defi-
nitely proven, the above facts have led to the hypothesis
that AZC and dAZC exert their anticancer activity by
inhibiting DNA-cytosine methyltransferase, thus allowing
genes previously not expressed to be expressed, thereby
inducing cancer cells to differentiate into normal cells.’

We have recently become interested in noncytotoxic
approaches to cancer chemotherapy and have begun a
program to improve upon AZC and dAZC as anticancer
agents. Although AZC and dAZC are effective antileuk-
emic agents, AZC, at least, is ineffective against solid tu-
mors in humans.!  Another disadvantage of AZC and
dAZC is their chemical instability. Both exist in aqueous
solution in equilibria with their respective triazine ring-
opened products, which gradually and irreversibly react
further with water to yield inactive compounds.’? This
has led to problems in their clinical formulation. Finally,
both compounds are enzymatically unstable, with the
major degradative pathway being deamination.!?

The degree of electrophilicity of the 6-position of dAZC
and AZC is of paramount importance to their reactivity,
both the chemical instability and enzyme inhibition. The
strong electron withdrawing effect of the ring nitrogen in
the 5-azacytosine ring system enhances covalent hydration
at its 6-position and subsequent ring opening and loss of
antitumor effects. On the other hand, the mode of DNA-
cytosine methyltransferase inhibition of dAZC and AZC
is thought to involve the covalent bonding of a sulfhydryl
group of the enzyme to the 6-position of the DNA incor-
porated 5-azacytosine ring system.!* Thus, we have sought
to modify the electrophilicity of AZC and dAZC without
significantly changing their cytosine ring systems in an
effort to broaden their spectrum of anticancer activity. We
note that enzyme-substrate binding sites may be affected
by electron density at certain areas in the substrate and
that 3-deazacytidine (3-deaza-C, which itself is toxic to cells
in culture but has no reported in vivo antitumor activity)
is not deaminated by cell-free extracts of Escherichia coli*®
and appears to be chemically stable.}® Furthermore, our
structure modifications were guided by the success in
placing fluorine atoms in molecules, particularly that of
fluorouracil,!” and the report that conversion of 2/-
deoxycytidine (dC) to its 5-fluoro analogue (dFC) resulted
in a compound that inhibits DNA-cytosine methyl-
transferase and induces differentiation.’ Thus, we suggest
that the exchange of an aromatic ring nitrogen atom with
a fluorine-substituted aromatic carbon atom will affect the
electrophilicity of dAZC and AZC without causing sig-
nificant steric changes. Toward this end, we have syn-

(10) Wilson, V. L.; Jones, P. A.; Momparler, R. L. Cancer Res. 1983
43, 3493.

(11) Moertel C. G.; Schutt, A. J.; Reitemeier, R. J.; Hahn, R. G.
Cancer Chemother. Rep., Part 1 1972, 56, 649.

(12) Lin, K. T.; Momparler, R. L.; Rivard, G. E. J. Pharm. Sci.
1981, 70, 1228.

(13) Raska, K., Jr.; Jurovcik, M.; Sormova, Z.; Sorm, F. Collect.
Czech. Chem. Commun. 1965, 30, 3001.

(14) Santi, D. V.; Garrett, C. E.; Barr, P. J. Cell 1983, 33, 9.

(15) Bloch, A.; Dutschman, G. J. Med. Chem. 1978, 16, 294,

(16) Cook, P. D.; Day, R. T.; Robins, R. K. J. Heterocycl. Chem.
1977, 14, 1295.

(17) Heidelberger, C. Antineoplastic and Immunosuppressive
Agents; Sartorelli, A. C., Johns, D. G., Eds.; Springer-Verlag:
Heidelberg, 1975; Part 2, p 193.
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thesized a series of fluorine-substituted 4-amino-2(1H)-
pyridinones and their 1-8-D-ribofuranosyl and 1-(2-
deoxyribofuranosyl) derivatives. the target compounds
may be viewed as 3,5-dideaza-AZC (or dAZC) analogues
or 3-deazacytosines with fluorine atoms placed at the deaza
positions.

The synthesis but not biological activity of one of our
target compounds, 4-amino-5-fluoro-1-8-p-ribofuranosyl-
2(1H)-pyridinone (18), has been previously reported by
Nesnow and Heidelberger.’®

Chemistry

The fluorine-substituted 4-amino-2(1H)-pyridinones
were synthesized from commercially available penta-
fluoropyridine (1) or 3,5-dichloro-2,4,6-trifluoropyridine
(9), as illustrated in Scheme I. Treatment of 1 with am-
monium hydroxide gave 2,3,5,6-tetrafluoro-4-pyridinamine
(2).1% Reaction of 2 with aqueous sodium hydroxide gave
4-amino-3,5,6-trifluoro-2(1H)-pyridinone (3). The “F
NMR spectrum of 3, with one downfield (F-6) and two
upfield (F-3 and F-5) multiplets, agreed well with that
predicted from the literature.”>22 and definitely established
the structure of 3 as shown.

Reaction of 2 with hydrazine gave 2,3,5-trifluoro-6-
hydrazino-4-pyridinamine (4), which was treated with

(18) Nesnow, S.; Heidelberger, C. J. Heterocycl. Chem. 1975, 12,
941.

(19) Chambers. R. D,; Hutchinson, J.; Musgrave, M. K. R. J. Chem.
Soc. 1964, 3736.

(20) Chambers, R. D.; Hutchinson, J.; Musgrave, W. K. R. J. Chem.
Soc. 1964, 5634.

(21) Chambers, R. D.; Waterhouse, J. S.; Williams, D. L. H. J.
Chem. Soc., Perkin Trans. 2 1977, 585.

(22) Roberts, S. M.; Suschitzky, H. J. Chem. Soc. C. 1969, 1485.
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Scheme II
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copper(Il) sulfate to give 2,3,5-trifluoro-4-pyridinamine (5).
Hydrolysis of 5 gave 4-amino-3,5-difluoro-2(1H)-pyridinone
(6). The structures of 4-6 were clearly established by their
ISF NMR spectra, with fluorines in the 2- and 6-positions
appearing considerably downfield from those in the 3- and
5-positions.

Heterocycle 3 was treated with hydrazine in an attempt
to obtain its 6-hydrazino derivative, which would then have
been reduced to give 6. This reaction, however, gave two
unexpected products, 4-amino-3-fluoro-2(1H)-pyridinone
(7, major) and 4-amino-5-fluoro-2(1H)-pyridinone (8, mi-
nor). The structure of 7 was unequivocally proven by an
X-ray diffraction of a subsequent derivative, 4-amino-3-
fluoro-1-8-D-ribofuranosyl-2(1H)-pyridinone (17). The
structure of 8 was unequivocally proven by conversion to
its hydrochloride salt and comparison of its spectral
properties with reported values.!® The *H and 'H NMR
spectra of 7 and 8 were consistent with their structures.
This defluorination by hydrazine to give the otherwise
difficultly accessible 7 and 8, while unexpected, is not
without precedent.?

Reaction of 3,5-dichloro-2,4,6-trifluoropyridine (9) with
ammonium hydroxide gave 8,5-dichloro-2,6-difluoro-4-
pyridinamine (10).% Catalytic reduction of 10 gave 2,6-
difluoro-4-pyridinamine (11), which upon hydrolysis
yielded 4-amino-6-fluoro-2(1H)-pyridinone (12).

Treatment of heterocycles 6-8 with excess hexa-
methyldisilazane and a catalytic amount of ammonium
sulfate gave the trimethylsilyl derivatives, which were
treated with 1-O-acetyl-2,3,5-tri-O-benzoyl-8-D-ribo-
furanose in 1,2-dichloroethane with tin(IV) chloride as
catalyst? to give tribenzoyl-protected 13-15 (Scheme II).
Subsequent deblocking with sodium methoxide gave target
nucleosides 16-18. The structure of 17 was unequivocally
established by X-ray diffraction.?® The structure of 18
was established by comparison of its spectral properties
with reported values.’® Although a discrepancy exists in
the melting points (203-205 °C vs. 92-94 °C), the very good
agreement between the UV and 'H NMR spectra leaves
no doubt that the compound reported here is that obtained
previously. Further support for the structure of 18 comes
from the similarity of the 'H NMR spectrum of 18 to that
of 17. Long-range coupling between the anomeric proton
and F-5 was observed in the 'H NMR spectrum of 18, as
has been noted in fluorinated pyrimidine nucleosides.?

(23) For example, bromomalonic esters are debrominated by hy-
drazine (Gallus, H. P.; Macbeth, A. K. J. Chem. Soc. 1937,
1810) and 5-chloro-2-pyridinamine is dechlorinated by hydra-
zine with palladium on charcoal as a catalyst (Mosby, W. L.
Chem. Ind. (London) 1959, 1348).

(24) Niedballa, U.; Vorbriggen, H. J. Org. Chem. 1974, 39, 3672.

(25) McNamara, D. J.; Dalley, K.; Cook, P. D., crystallography data
to be published; data are available on request.

(26) Cushley, R. J.; Wempen, L; Fox, J. J. J. Am. Chem. Soc. 1968,
90, 709.
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The 'H NMR spectrum 4-amino-3,5-difluoro-1-3-D-ribo-
furanosyl-2-(1H)-pyridinone (16) was very similar to that
of 17 and 18. Long-range coupling between the anomeric
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Table I. Activity of 4-Amino-3-fluoro-1-5-p-ribofuranosyl-2(1H)-pyridinone (17) and o
4-Amino-3-fluoro-1-(2,3,5-tri-O-benzoyl-8-D-ribofuranosyl)-2(1H)-pyridinone (29) against L1210 Lymphoid Leukemia in Mice®

b 111110 c d
compound mg/kg inj NET log kill BWD % T/C

17 (NSC-378066) 300 5.37 ND# ~-4.7 ND 230 ND
200 391 4.86/ - 4.8 -3.4/ 208 208/

100 2.93 5.54 -3.0 -1.3 193 216

50 2.20 3.01 -1.7 -1.1 182 185
25 1.30 0.78 -1.0 -1.0 169 1574

12.5 ND -0.97 ND -0.5 ND 136

29 (NSC-382021) 400 3.59 ND -5.0 ND 205 ND
200 2.43 3.34/ -2.3 ~-1.9 189¢ 186/

100 0.49 3.68 -2.0 -0.7 161 190

50 ~-1.94 2.01 -1.0 0.4 127 168

25 ~2.25 -1.09 -1.0 0.1 113 129

12,5 —2.22 ~-2.25 -2.0 0.4 115 109

s CD,F, mice in groups of six were inoculated ip with 1 X 105 cells of L1210 lymphoid leukemia. Treatment (ip) was initiated 24 h after
tumor inoculation and continued once-a-day for 5 days. °Difference between estimated tumor burdens before the first and just after the last
treatment. This value is based on the observed doubling time for the tumor in that test and the median survival after the last treatment.®®
It includes an estimate of the regrowth of the tumor cell population between treatments. It is calculated by subtracting the life span of the
control mice (C) and the treatment days (Rx) from the life span of the control mice (T) and this divided by 3.32 times and doubling time
(Td) of the L1210 tumor cells. Thus, net cell kill of 17 (100 mg/kg dose on days 2-6) = (T - C ~ Rx)/3.32Td = (18.0 - 8.3 - 4)/3.32(0.31)
= 5.54. A net cell kill of zero indicates the tumor cells are equal to the original inoculum, 105, after therapy. A positive net cell kill indicates
less than original 10° inoculum of tumor cells are left after therapy and a negative net cell kill implies that the tumor actually grew (>10%)
during the course of therapy.®6 ¢ Mean weight change (days 5 minus 1) of the treated mice minus the mean weight change of the control
mice. ¢ (Mean survival time of treated mice in days/mean survival time of control mice) X 100. % T/C > 125 indicates significant activity
(Decision Network I activity). Decision Network 2 activity is a % T/C = 150. No cures were recorded for either compound at any dose
level. A toxic death was recorded at this dose level and it is excluded from the % T/C calculation. /Confirmation data shown in this
column. £Not determined.

proton and ¥-5 was also oberved in 16. amino-1-(2-deoxy-8-D-erythro-pentofuranosyl)-3,5-di-
Attempted ribosylation of 3 and 12 using tin(IV) chlo- fluoro-2(1H)-pyridinone and 4-amino-1-(2-deoxy-a-D-
ride as catalyst and 1,2-dichloroethane is solvent, as well erythro-pentofuranosyl)-3,5-difluoro-2(1H)-pyridinone, 25
as using trimethylsilyl trifluoromethanesulfonate as cata- and 27, respectively. The site of deoxyribosylation was
lyst and acetonitrile as solvent,” resulted in complex assigned to be N-1 by the similarity of the UV spectra of
mixtures that did not yield isolable products. The failure 25 and 27 with that of 16. The §-isomer 25 exhibited the
to ribosylate these heterocycles was ascribed to the pres- characteristic®? triplet with a peak width of 14 Hz for the
ence of the very electronegative fluorine atom adjacent to anomeric proton and the a-isomer 27 a quartet with a peak
the desired site of ribosylation. The difficulty in ribosy- width of ~10 Hz. Similar deoxyribosylation of heterocycle
lating 6-substituted 2(1LH)-pyridinones has previously been 7 gave protected nucleosides 22 and 24, which were sepa-
noted.? rated and deblocked to give target deoxynucleosides 4-
The synthesis of 2’-deoxy derivatives of 16 and 17 was amino-1-(2-deoxy-3-D-erythro-pentofuranosyl)-3-fluoro-2-
first pursued according to the general procedure of Robins (1H)-pyridinone and 4-amino-1-(2-deoxy-a-D-erythro-
et al.?® (Scheme III). Protection of the 3’,5-hydroxyls of pentofuranosyl)-3-fluoro-2(1H)-pyridinone, 26 and 28, re-
17 gave 4-amino-3-fluoro-1-[3,5-0-[1,1,3,3-tetrakis(1- spectively. The site of deoxyribosylation was assigned to
methylethyl)-1,3-disiloxanediyl}-8-D-ribofuranosylj-2- be on N-1 by the similarity of the UV spectra of 26 and
(LH)-pyridinone (19). It is noteworthy that in the 'H NMR 28 with that of 17. The S-isomer 26 exhibited a doublet
spectrum of 19 the anomeric proton appeared as a singlet, of doublets® with a peak width of 13.6 Hz for the anomeric
thus confirming the 8 configuration according to the cri- proton, while the a-isomer 28 exhibited a doublet of
terion of Robins et al.?® However, subsequent reaction doublets with a peak width of 10.7 Hz.
of 19 with phenyl chlorothionocarbonate did not give an Acetylated compounds 4-amino-3-fluoro-1-(2,3,5-tri-O-
isolable product. Attempted acetylation of the 4-amino acetyl-8-D-ribofuranosyl)-2-(1 H)-pyridinone (29) and 4-
group of 19 to prevent possible complications from its (acetylamino)-3-fluoro-1-(2,3,5-tri-O-acetyl-8-D-ribo-
reaction with phenyl chlorothionocarbonate resulted in- furanosyl)-2(1H)-pyridinone (30) were synthesized as
stead in acetylation of the 2’-hydroxyl to give 20. In more prodrugs of 17 by usual acetylation procedures.

traditional nucleoside chemistry, the trimethylsilyl deriv-

ative of 6 was treated with 1-chloro-2-deoxy-3,5-bis-O-(4- Biology .

methylbenzoyl)-a-p-erythro-pentofuranose® in the pres- Target nucleosides and their parent heterocycles were
ence of trimethylsilyl trifluoromethanesulfonate (TMSTY) tested for their ability to inhibit the growth of L1210
to give protected nucleosides 21 and 23. These were sep- lymphoid leukemia cells in culture by the method of Ba-
arated and deblocked to give target deoxynucleosides 4- guley and Nash.3¥ The ID;, value, the concentration

required to inhibit the growth rate of the control cells by
50%, for the heterocyclic bases 3-8, 11, and 12 fell within

@n Vlo;brt;%ien, H.; Krolikiewicz, K.; Bennua, B. Chem. Ber. 1981, the range (2.60-4.71) X 105 M. The target nucleosides 18,
114, 1234.
(28) Currie, B. L.; Robins, M. J.; Robins, R. K. J. Heterocycl.
Chem. 1971, 8, 221. (32) Robins, M. J.; Robins, R. K. J. Am. Chem. Soc. 1965, 87, 4934.
(29) Robins, M. J.; Wilson, J. S.; Hansske, F. J. Am. Chem. Soc. (33) The fact that the anomeric proton of the 8-isomer 26 is a
1983, 105, 4059. doublet of doublets with a peak width of 13.6 Hz when ac-
(30) Robins, M. J.; Wilson, J. S.; Sawyer, L.; James, M. N. G. Can. cording to the criteria® it should be a triplet with a peak width
J. Chem. 1983, 61, 1911. of 14 Hz is not disturbing since our spectrum was obtained on
(31) Bhat, C. C. Synthetic Procedures in Nucleic Acid Chemistry; a 200-MHz instrument compared to the 60-MHz instrument
Zorbach, W. W.; Tipson, R. S., Eds.; Wiley: New York, 1968; employed for the establishment of the criterion.

Vol. 1, p 521. (34) Baguley, B. C.; Nash, R. Eur. J. Cancer 1981, 17, 671.
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18, and 25-28 were inactive (<50% inhibition) when tested
at 10 ug/mL (IDgy > 1 X 107* M). The ICy, values for
compound 17 and its triacetyl derivative 29 and tetraacetyl
derivative 30 were 1.07 X 107, 1.28 X 10, and 1.25 X 10°%
M, respectively. For comparison, the IC;, values for 3-
deaza-C, AZC, and dAZC were 1.78 X 1075, 4,09 X 1077, and
3.93 X 10" M, respectively.

Heterocycles 3-8 and 12 were then tested against P388
lymphocytic leukemia in mice under the auspices of the
National Cancer Institute (NCI) by standard NCI proto-
col.®  All were inactive (% T/C < 125). Nucleosides 16-18
and 25-29 were tested against L1210 lymphoid leukemia
in mice under the auspices of the NCI by standard NCI
protocol.® Compounds 16, 18, and 25-28 were inactive (%
T/C < 125). Compound 17 displayed confirmed Decision
Network 2 activity (% T/C = 150) at five dose levels,
starting at 25 to 300 mg/kg with a corresponding % T/C
range of 169-230 (Table I). Very moderate toxicity, as
noted by body weight difference (BWD, -1.7 to -1.0), oc-
curred at doses below 100 mg/kg. Net cell kill ranged from
1.3 to 5.54 at dose levels of 25 to 100 mg/kg. All mice
survived treatment except one as noted in Table I. Pro-
drug 29 exhibited confirmed L1210 in vivo activity similar
to that of 7. The net cell kill of 5.54 for 17 at 100 mg/kg
indicates, according to theoretical calculations of Schabel
et al.,* that less than 10 cancer cells remained after
therapy. Thus, nucleoside 17, administered with this
regimen, was essentially curative.

Discussion

Nucleoside 17 exhibited excellent in vivo L1210 anti-
tumor activity as determined by net cell kill, toxicity, and
% ILS of the mice. Furthermore, the triacetyl-blocked
nucleoside 29 exhibited similar but less potent activity than
that of 17 and thus likely serves as a prodrug to 17.
Whether 17 (and 29) exerts its cytotoxicity by inhibition
of DNA-cytosine methyltransferase after metabolism to
the 2’-deoxy 5'-triphosphate and incorporation into DNA,
like the 5-azacytosines dAZC and AZC, cannot be deter-
mined by the antitumor data accumulated thus far.
However, some observations concerning this question can
be made.

It is disconcerting that the 2’-deoxy derivative of 17,
compound 26, did not exhibit in vitro or in vivo antitumor
activity analogous to dAZC activity with respect to AZC
activity. It is possible that whereas the ribonucleoside 17
can be metabolized and incorporated into DNA and sub-
sequently inhibit DNA-cytosine methyltransferase, the
necessary deoxypyrimidine nucleoside kinases may not
phosphorylate deoxyribonucleoside 26.

We have postulated that the electron-withdrawing effect
of the ring-nitrogen atoms in the 3- and 5-positions of
dAZC and AZC might be approximated by replacement
with ring-carbon atoms bearing fluorine atoms. Thus, it
is also disconcerting that the 3,5-difluoropyridinone nu-
cleoside 16 and its 2’-deoxy derivative 25 did not exhibit
in vitro or in vivo antitumor activity. In this regard, the
ring systems of tribenzoyl-protected nucleosides 13-15 were
stable to standard sodium methoxide deprotecting con-
ditions whereas dAZC and AZC suffered ring-opening
degradation from initial nucleophilic attack at their elec-
tron-deficient 6-positions.!*¥ Therefore, the 6-position

(35) Geran, R. L; Greenberg, N. H.; MacDonald, M. M.; Schu-
macher, A. M.; Abbott, B. J. Cancer Chemother. Rep., Part 3
1972, 3, 1.

(36) Schabel, F. M.; Griswold, D. P.; Caster, W. R., Jr.; Corbett, T.
H.; Lloyd, H. H. Pharmacol. Ther. 1977, 1, 411.

(37) Beisler, J. A. J. Med. Chem. 1978, 21, 204.
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of the fluorine-substituted pyridinone nucleosides may not
be sufficiently activated by the fluorine atoms in the 3-
and 5-positions for attack of the DNA-cytosine methyl-
transferase sulfhydryl group. We note that, in parallel
studies® of 3-deaza-3-fluoro-5-azacytosines (reverse pyri-
midines) as potential DNA-cytosine methyltransferase
inhibitors, standard sodium methoxide deprotecting con-
ditions affected ring opening.

Finally, nucleoside 17 may not exert its antitumor ac-
tivity in a manner similar to dAZC and AZC; it may have
an action similar to a structurally related cytosine-type
nucleoside such as 5-fluorocytidine (FC), arabino-
furanosylcytosine (ara-C), or 3-deazauridine (DAU). In
this regard, we note that whereas dAZC, AZC, ara-C, dFC,
and FC exhibited in vitro 1.1210 ID;, values in the range
of 1077 to 1071° and DAU of 107%, nucleoside 17 was much
less active in L1210 cells with an ID;, value of 1075,
Furthermore, of this group of cytosine-type nucleosides,
only dAZC and AZC exhibited significantly better in vivo
L1210 antitumor activity than nucleoside 17. ara-C, dFC,
FC, and DAU had % ILS values less than 161. Thus, an
interesting question can be posed. Does the insignificant
in vitro L1210 antitumor activity of nucleoside 17 yet ex-
cellent in vivo L1210 antitumor activity suggest some type
of noncytotoxic antitumor activity? Biochemical studies
to determine the mode of action of nucleoside 17 have been
initiated and further evaluations of nucleoside 17 against
a panel of tumors and as an agent that may inhibit
DNA-cytosine methyltransferase and induce cellular dif-
ferentiation are in progress.

Experimental Section

Melting points were determined on a Thomas-Hoover apparatus
and are uncorrected. Mass spectra were determined on a Finnigan
4000 mass spectrometer with a INCOS 2300 data system using
direct introduction, electron impact at 70 eV and 150 °C. H NMR
spectra were determined at 90 MHz on a Varian EM-390, at 100
MHz on an IBM WP1008Y, at 200 MHz on a Varian XL-200,
or at 300 MHz on a Varian XL-300 in Me,SO-d; with tetra-
methylsilane as an internal standard. The presence of ex-
changeable protons was confirmed by the addition of deuterium
oxide. °F NMR spectra were determined at 282 MHz on a Varian
XL-300 with CFCl; as an external standard. Chemical shifts are
recorded in ppm from the reference, with absorptions downfield
from the reference being positive and those upfield negative.

Optical rotations were determined on a Perkin-Elmer Model
141 polarimeter with a 10-cm, 1-mL microcell. UV spectra were
determined on a Cary C118 UV-vis spectrophotometer. All
compounds had infrared spectra (potassium bromide) consistent
with their structure as determined on a Nicolet 205X FT/IR.
Elemental analyses were determined by the microanalytical
laboratory of this department. TLC was performed with E. Merck
silica gel 60 F-254 precoated glass plates (0.25 mm). Flash column
chromatography was effected with E. Merck silica gel, 230-450
mesh. Concentrations were performed on a Biichi rotary evap-
orator at <45 °C (20 torr).

2,3,5,6-Tetrafluoro-4-pyridinamine (2). This compound was
prepared from pentafluoropyridine (1) according to Chambers
et al.:'® mp 80-82 °C (lit.!° mp 85-86 °C); °F NMR § -96.03 (m,
F-2), -163.23 (m, F-3) [1it.1? 1°F NMR § ~95.72 (F-2), -165.94 (F-3)];
MS, m/e 166 (M*).

4-Amino-3,5,6-trifluoro-2(1 H)-pyridinone (3). A suspension
of 16.26 g (97.9 mmol) of 2 in 350 mL of 1 N NaOH was heated
under reflux for 6 h. Small amounts of ether were used to wash
down the starting material that sublimed into the condenser. The
solution was cooled and acidified with concentrated HCl. The
solid was collected by filtration and dissolved in EtOAc. The
solution was filtered to remove a small amount of solid and then
concentrated to give 12.8 g of material. Recrystallization from

(38) Private communication from D. A. Berry. Data to be pub-
lished. .
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toluene gave 11.83 g (73.7%) of 3 as shiny, off-white needles: mp
199-201 °C; TH NMR (90 MHz) 6 6.56 (s, 2, NH,), 11.07 (s, 1, NH);
197 NMR 6 -96.16 (m, F-6), ~162.52 (m, F-3 or -5), —170.06 (m,
F-5 or -3); MS, m/e 164 (M*). Anal. (CsH,F;N;0) C,H, F, N.
2,3,5-Trifluoro-6-hydrazino-4-pyridinamine (4). A solution
of 10.0 g (60.2 mmol) of 2 and 40 mL of anhydrous hydrazine in
400 mL of EtOH was heated under reflux for 24 h. The solution
was cooled and filtered to remove a small amount of white solid.
The filtrate was concentrated to give a solid. Recrystallization
from EtOH gave 7.67 g (69.5%) of 4 as a dark tan solid: mp
189-191 °C; 'H NMR (200 MHz) § 3.89 (s, 2, NH,, exchangeable),
6.85 (s, 2, NH,, exchangeable), 7.37 (s, 1, NH, exchangeable); °F
NMR 5 -98.13 (m, F-6), -165.02 (m, F- 3 or -5), ~175.93 (m, F-5
or -3); MS, m/e 178 (M*). Anal. (C;H;F3;N,) C, H. N.
2,3,5-Trifluoro-4-pyridinamine (5). To a suspension of 17.06
g (96 mmol) of 4 in 50 mL of distilled H;O cooled in an ice bath
was added a solution of 88.5 g (560 mmol) of CuSO, in a minimum
amount of distilled H,0. The temperature was not allowed to

exceed 25 °C during the addition. Gas was evolved and the

suspension became dark green. The suspension was stirred at
room temperature 48 h and diluted with EtOAc. The mixture
was filtered to remove a small amount of black solid. The layers
were separated, and the H,0 layer was extracted with EtOAc.
The EtOAc extracts were combined, dried (MgSO,), and con-
centrated to give 11.77 g of a red solid. This was dissolved in
MeOH and treated with 50 g of flash silica gel, and the MeOH
was evaporated. The resulting powder was applied to a column
of 800 g of flash silica gel packed in CH,Cl,. Flash chromatography
with CH,Cl, gave 7.89 g (66 %) of 5 as shiny, white crystals: mp
103~105 °C; 'H NMR (100 MHz) 6 6.93 (s, 2, NH,), 7.72 (d of d,
JH.6.F5F-20F-3 < 3, < 3 Hz, 1, H-6); °F NMR 4 -93.70 (m, F-2),
~148.83 (m, F-3 or -5), ~162. 02 (m, F-5 or -8); MS, m/e 148 (M™).
Anal. (CzH4F;N,) C, H, N.

4-Amino-3,5-difluoro-2(1H)-pyridinone (6). A suspension
of 6.75 g (45.6 mmol) of 5 in 290 mL of 2 N NaOH was heated
under reflux for 24 h. Small amounts of ether were used to wash
down the starting material that sublimed into the condenser. The
solution was cooled and acidified with 48 mL of concentrated HCL
A white solid precipitated. The suspension was concentrated by
coevaporating with EtOH. To the residue was added MeOH, and
the suspension was heated to boiling and filtered to remove the
inorganic material. The filtrate was treated with 25 g of flash
silica gel. Evaporation of the MeOH gave a powder, which was
applied to a column of 200 g of flash silica gel packed in CH,Cl,.
Flash chromatography with CH,Cl,/MeOH (10:1) gave a solid,
which was recrystallized from H,O to give 5.47 g (82.1%) of 6 as
a light beige solid: mp 240-242 °C; 'H NMR (100 MHz) § 6.35
(s, 2, NH,, exchangeable), 7.25 (d of d, JH e-rs53 = 6,2 Hz, 1,
H-6), 10.92 (br s, 1, NH, exchangeable); 1°F NMR & ~164.88 (m,
F-3 or -5), ~165. 14 (m, F-5 or -3); MS, m/e 146 (M*). Anal
(CsH,F,N,0) C, H, N.

4-Amino-3-fluoro-2(1 H)-pyridinone (7) and 4-Amino-5-
fluoro-2(1H)-pyridinone (8). A solution of 1,6 g (10 mmol) of
3 in 50 mL of EtOH was treated with 3.2 mL (100 mmol) of
anhydrous NoH,. The resulting suspension was heated under
reflux for 48 h. Another 3.2 mL (100 mmol) of anhydrous N,H,
was added to the solution and heating under reflux was continued
another 24 h. The resulting suspension was filtered to remove
a white solid, which was discarded. The filtrate was concentrated
to give 1.65 g of a gold oil. The oil was dissolved in MeOH, and
the solution was filtered to remove a small amount of solid. To
the solution was added 6 g of flash silica gel, and the MeOH was
evaporated. The resulting powder was applied to a column of
200 g of flash silica gel packed in CH,Cl,/MeOH (4:1). Flash
chromatography with the same solvent gave 1.06 g of material.
This material was dissolved in MeOH and treated with 5 g.of flash
silica gel, and the MeOH was evaporated. The resulting powder
was applied to a column of 100 g of flash silica gel packed in
CH;CN/H,0 (10:1). Flash chromatography with the same solvent
gave two products. Fractions containing the first product were
concentrated to give 0.8 g of material. This material was dissolved
in MeOH, and the solution was filtered. Evaporation of the MeOH
gave 700 mg (55%) of 7 as a tan solid: mp 222-226 °C; 'H NMR
(100 MHz) 8 5.75 (t, Jg.5-n.65s = 7 Hz, 1, H-5), 6.03 (s, 2, NH,,
exchangeable), 6.88 (d, Jugens =7 Hz, 1, H- 6), 10.85 (br s, 1, NH,
exchangeable); °F NMR & ~169.30 (d, Jp.3.p.5 = 6.4 Hz, F-3); MS,
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m/e 128 (M*). Anal. (C;H;FN,0)C, H, N.

Fractions containing the second product were concentrated to
give 100 mg (8%) of 8 as a beige solid. The analytical sample
of 8 was obtained in a larger scale experiment by recrystallization
from EtOH-ether: mp 230-232 °C; 'H NMR (100 MHz) § 5.32
(d, Ju.g-rs = 9 Hz, 1, H-3), 6.28 (s, 2, NH,, exchangeable), 7.27
(d, Ju.e-5.5 = 7 Hz, 1, H-6), 10. 32 (brs, 1, NH exchangeable) lop
Anal. CsHsFNZO 0.1H 0) C H, N H 0.

4-Amino-5-fluoro-2(1H)- pyrldlnone Hydrochloride. To
300 mg (2 mmol) of 8 was added 30 mL of concentrated HCl. The
solution was concentrated, coevaporating with EtOH to give a
solid. The solid was dissolved in a small amount of MeOH and
ether was added to precipitate a gum, which crystallized on
stirring. Filtration gave 350 mg (90%) of 8-HCl as a beige solid:
mp 202-205 °C (lit.}¥ mp 201-205 °C); UV (0.1 N HCl) max 257
nm (¢ 13300), (MeOH) max 258 nm (e 11700), (1 N NaOH) max
288 nm (¢ 3740) [lit.1® UV (0.1 N HCI) max 260 nm (¢ 15476),
(MeOH) max 258 nm, 275 nm (sh), (1 N NaOH) max 288 nm];
H NMR (100 MHz) 6 6.43 (d, Jy.s.r5 = 8 Hz, 1, H-3), 7.90 (s,
2, NH,, exchangeable), 8.03 (d, Jy.¢.r.5 = 6 Hz, 1, H-6) [lit.181H
NMR (MEQSO'dG) d 6.54 (d, JH-S-F-S =175 HZ, 1, H'3), 8.05 (d,
Jyer.s = 5.8 Hz, 1, H-6)]. Anal. (C;H;FN,0-1.0HCI-0.1H,0) C,
H, N, CI', H,0.

3,5-Dichloro-2,6-difluoro-4-pyridinamine (10). The com-
pound was prepared from 3,5-dichloro-2,4,6-trifluoropyridine (9)
according to Chambers et al.:® mp 107-110 °C (1it.2° mp 112-113
°C); 1°F NMR 4§ ~73.41 (s, F-2) (lit.?° °F NMR § ~75.600); MS,
m/e 198 (M*). Anal. (CzH,CLF,N,) C, H, N.

2,6-Difluoro-4-pyridinamine (11). A solution of 12.2 g (61.3
mmol) of 10 and 17 mL (130 mmol) of EtgN in 120 mL of MeOH
was treated with 1 g of 20% Pd/C and H, at an initial pressure
of 52 psi for 3 days. The reaction was treated with an additional
1 g of 20% Pd/C and repressurized to 52 psi two times during
its course. The catalyst was filtered, and the filtrate was con-
centrated. The residue was partitioned between ether and H,0.
The ether layer was dried (MgSO,) and concentrated to give 7.92
g of material. This was dissolved in MeOH and the solution was
treated with 50 g flash silical gel. The MeOH was evaporated
to give a powder, which was applied to a column of 600 g of flash
silica gel packed in CH,Cl,. Flash chromatography with CH,Cl,
gave 7.39 g (92.6%) of 11 as a fluffy white solid: mp 125-127 °C
(lit.-2 mp 124125 °C);.'H NMR (100 MHz) § 6.03 (s, 2, H-3 and
H-5), 6.88 (s, 2, NH,, exchangeable); 1°F NMR 6 —69.33 (s, F-2)
(lit.?! 'F NMR & ~68.7); MS, m/e 130 (M*). Anal. (C;H,F,N,)
C,H, N.

4-Amino-6-fluore-2(1H)-pyridinone (12). A suspension of
4.94 g (38 mmol) of 11 in 250 mL of 1 N NaOH was heated under
reflux 24 h. The resulting solution was cooled and acidified with
21 mL of concentrated HCL. The suspension was extracted with
EtOAc. The extracts were washed with brine, dried (MgSO,),
and concentrated to give a solid. Recrystallization from tolu-
ene-EtOAc gave 3.60 g (74.1%) of 12 as a dull cream solid: mp
176-178 °C; 'H NMR (100 MHz) 5 5.60 (s, 2, H-3 and H-5), 6.20
(s, 2, NH,, exchangeable), 10.30 (s, 1, NH, exchangeable); °F NMR
6 ~74.39 (s, F-6); MS, m/e 128 (M*). Anal. (C;H,FN,0) C, H,
N. ,

4-Amino-3-fluoro-1-(2,3,5-tri-O -benzoyl-8-D-ribo-
furanosyl)-2(1H)-pyridinone (14). A suspension of 1.00 g (7.8
mmol) of 7 and 5 mg of (NH,),S0, in 100 mL of hexamethyl-
disilazane (HMDS) was heated under reflux for 24 h. The solution
was concentrated to give a yellow oil, which was dissolved in 100
mL of 1,2-dichloroethane. This solution was cooled in an ice bath
with 4.33 g (8.6 mmol) and first treated with a solution of 1-O-
acetyl-2,3,5-tri-O-benzoyl-8-D-ribofuranose and 50 mL of 1,2-
dichloroethane and then with 1.1 mL (9.4 mmol) of SnCl,. The
resulting yellow solution was stirred 30 min cold, followed by 24
h at room temperature, and then poured into an ice-saturated
NaHCOg; solution. The solution was treated with EtOAc, and the
mixture was filtered through Celite. The aqueous layer was
separated and extracted with EtOAc. The organic layers were
combined, dried (MgS0Q,), and concentrated to give 4.68 g of yellow
foam. The yellow foam was dissolved in a minimum amount of
CH,CI; and applied to a column of 250 g of flash silica gel packed
in CHyCl,. Flash chromatography with CH,Cl,/MeOH (50:1) gave
3.49 (78.3%) of 14 as a white foam: 1H NMR (100 MHz) §
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4.50-4.83 (m, 3, H-&/, H-5", H-4), 5.77-6.07 (m, 3, H-2/, H-%, H-5),
6.28 (d, Jy.1-py = 3 He, 1, H-1'), 6.43 (s, 2, NH,, exchangeable),
7.33-8.10 (m, 16, Ph and H-6). Anal. (C4H,FN,0¢) H, N; C:
caled, 65.03; found, 64.57.
4-Amino-3,5-difluore-1-(2,3,5-tri- O -benzoyl-8-D-ribo-
furanosyl)-2(1H)-pyridinone (13). Ribosylation of 1.00 g (6.85
mmol) of 6 analogous to the preparation of 14 gave 4.48 g of crude
material. This was dissolved in a mihimum amount of CH,Cl,
and applied to a column of 250 g of flash silica gel packed in
CH,Cl,. Flash chromatography with CH,Cl,/MeOH (100:1) gave
3.64 g (90.1%) of 13 as a white foam: 1H NMR (200 MHz) §
4.64-4.74 (m, 3, H-5, H-5", H-4'), 5.92 (m, 2, H-2’, H-3), 6.30 (d,
Jur-ne =34 Hz, 1, H-1"), 6.71 (s, 2, NH,, exchangeable), 7.38-8.02
(m, 16, Ph and H-6); ®F NMR & -159.13 (m, F-3 or -5), 161.65
(m, F-5 or -3). Anal. (031H24F2N208) C, H, N.
4-Amino-5-fluoro-1-(2,3,5-tri- O -benzoyl-8-D-ribo-
furanosyl)-2(1H)-pyridinene (15). Ribosylation of 1.51 g (11.8
mmol) of 8 in the manner described above gave 7.47 g of crude
material. This was dissolved in a minimum amount of CH,Cl,
and applied to a column of 250 g of flash silica gel packed in
CH,Cl,. Flash chromatography with CH,Cl,/MeOH (50:1) gave
4.37 g (64.6%) of 15 as a white foam: 'H NMR (200 MHz) &
4.63-4.73 (m, 3, H-5, H-5”, H-4), 5.34 (d, Jyz9.p.5 = 8.7 Hz, 1, H-3),
5.9 (m, 2, H-2/, H-8), 6.24 (d, Ju.ygr.y = 3.4 Hz, 1, H-1"), 6.60
(s, 2, NH,, exchangeable), 7.38-8.02 (m, 16, Ph and H-6). Anal.
(CgiH5FN,0) C, H, N.
4-Amino-3-fluoro-1-8-D-ribofuranosyl-2(1H)-pyridinone
(17). A solution of 2.21 g (3.86 mmol) of 14 in 42.5 mL (4.25 mmol)
of 0.1 N NaOCH; was stirred at room temperature for 24 h.
MeOH-washed IRC-50 (H*) ion exchange resin was added to the
solution. The suspension was stirred until neutral (pH paper).
The resin was filtered, washed with MeOH, and discarded. The
filtrate was concentrated to give a semisolid, which was triturated
in ether to give 1.0 g of material. This was combined with 550
mg of material obtained from another experiment using 1.19 g
of 14. The resulting 1.55 g of material was dissolved in MeOH,
and the solution was treated with 25 g of flash silica gel. Evap-
oration of the MeOH gave a powder, which was applied to a
column of 200 g of flash silica gel packed in CH,Cl,/MeOH (4:1).
Flash chromatography with the same solvent gave 0.91 g of ma-
terial. Recrystallization from MeOH gave 600 mg (39%) of 17
as a white solid: mp 234-236 °C; [a]?%, +8.4° (c 1.02, H,0); UV
(0.1 N HCI) max 255, 274 nm (e 8400, 7000), (MeOH) max 255,
279 nm (¢ 6500, 5500), (1 N NaOH) max 255, 278 nm (e 8900, 6800);
1H NMR (200 MHz) 6 3.45-3.97 (m, 5, H-2/, H-8, H-4, H-5', H-5"),
5.0 (m, 2, OH (2), exchangeable), 5.26 (d, 1, OH, exchangeable),
5.82 (t, Jivsmars = 7.6 Hz, 1, H-5), 5.94 (d, Juy-sy = 3.9 Hz,
1, H-1%), 6.17 (s, 2, NH,, exchangeable), 7.43 (d, Jy.¢-u.5 = 7.7 Hz,
1, H-6); °F NMR 4§ -167.89 (d, Jp.5-i5 = 7.6 Hz, F-3); MS, m/e
260 (4(70, M+). Anal- (CIOH13FN205),Ci H, N.
4-Amino-3;5-difluoro-1-8-n-ribofuranosyl-2(1H)-
pyridinone (16). Deprotection of 3.64 g (6.17 mmol) of 13 ac-
cording to the manner described above gave crude material. This
was dissolved in MeOH and treated with 7 g of flash silica gel.
Evaporation of the MeOH gave a powder, which was applied to
a column of 100 g of flash silica gel packed in CH,Cl,/MeOH (4:1).
Flash chromatography with the same solvent gave 1.27 g of ma-
terial, which was triturated in ether and then recrystallized from
EtOH to give 700 mg (40%) of 16 as a white solid: mp 175-177
°C; [«]%p +24.2° (¢ 1.05, Hy0); UV (0.1 N HCI]) max 257, 280 nm
(e 10500, 6100), (MeOH) max 258, 284 nm (e 10100, 5600), (1 N
NaOH) max 258, 282 nm (¢ 12000, 6700); 'H NMR (300 MHz)
§ 3.56-4.01 (m, 5, H-2, H-3, H-4’, H-&, H-5"), 5.04 (d, 1, OH,
exchangeable), 5.22 (t, 1, OH, exchangeable), 5.37 (d, 1, OH,
exchangeable), 6.00 (d of d, Jy.1-gop.s = 3.8, 1.4 Hz, 1, H-1'), 6.53
(s, 2, NH,, exchangeable), 7.92 (d of d, Jy.¢.p5p.s = 7.8, 1.6 Hz,
1, H-6); °F NMR § ~162.32 (m, F-3 or -5), -164.13 (m, F-5 or -3);
MS, m/e 279 (9%, M* + 1). Anal. (C;gH,FuN,O;) C, H, N.
4-Amino-5-fluoro-1-8-D-ribofuranosyl-2(1 H)-pyridinone
(18). Deprotection of 4.37 g (7.63 mmol) of 15 according to the
manner described above gave 710 mg (36%) of 18 as a fluffy white
solid. Recrystallization from EtOH: mp 203-205 °C (lit.!® mp
92-94 °C); [a] 2, +21.5° (¢ 1.17, H,0); UV (0.1 N HCI) max 263
nm (e 14900), (MeOH) max 263, 287 (sh) nm (e 10 500, 5300), (1.0
N NaOH) max 263, 286 (sh) nm, (¢ 11.200, 5900) [lit.18 UV (0.1
N HC]) max 264 nm, (MeOH) max 264, 287 (sh) nm (e 11 450,
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6300) (1.0 N NaOH) max 262, 288 (sh) nm]; 'H NMR (200 MHz)
4 3.48-3.97 (m, 5, H-2/, H-3’, H-4/, H-5, H-5"), 4.95 (d, 1, OH,
exchangeable), 5.15 (t, 1, OH, exchangeable), 5.27 (m, 1, OH,
exchangeable), 5.30 (d, Jy.s 55 = 8.8 Hz, 1, H-3), 5.88 (d of d,
Ju1-mors = 3.9, 1.6 Hz, 1, H-1), 6.38 (s, 2, NH, exchangeable),
7.87 (d, Jy.e-r.5 = 8.3 Hz, 1, H-6) [lit.2¥ TH NMR (Me,SO-d;) &
5.66 (d, JH-3—F-5 =8.0 HZ, 1, H-3), 6.05 (S, 1, H-ll), 7.86 (d, JH-G—F-S
=178 HZ, 1, H'G)], 19F NMR & ~163.46 (t, JF-5—H-3,H-6 =8.1 HZ, F'5);
MS8, m/e 260 (3%, M*). Anal. (C;oHsFN,O;) C, H, N.
4-Amino-3-fluore-1-[3,5-0-[1,1,3,3-tetrakis(1-methyl-
ethyl)-1,3-disilexanediyl]-8-p-ribofuranosyl]-2(1H)-
pyridinone (19). A solution of 1.00 g (3.84 mmol) of 17 in 50
mL of pyridine, cooled by an ice bath, was treated with 1.34 mL
(3.84 mmol) of 1,3-dichloro-1,1,3,3-tetrakis(1-methylethyl)disi-
loxane. The solution was stirred at room temperature for 24 h
and concentrated. The residue was partitioned between H,O and
EtOAc. The EtOAc layer was washed successively with cold 1
N HCI (2 X 50 mL), H,0, saturated NaHCQ,, and brine, dried
(MgS0,), and concentrated to give 1.98 g of a gum. This was
dissolved in a minimum amount of CH,Cl, and applied to a
column of 100 g of flash silica gel packed in CH,Cl,. Flash
chromatography with CH,Cl,/ MeOH (100:1) gave 1.30 g (67.4%)
of 19 as a white foam: H NMR (200 MHz) § 0.89-1.03 (m, 28,
isopropyl). 3.85-4.10 (m, 5, H-2’, H-8’, H-4’, H-5', H-5"), 5.64 (d,
1, 2-OH, exchangeable), 5.74 (s, 1, H-1'), 5.81 (t, Jy.5-per3 = 7.5
Hz, 1, H-5), 6.20 (s, 2, NH,, exchangeable), 7.34 (d, Jy.g.15 = 7.5
gz, 1, H-6); MS, m/e 502 (16%, M+) Anal. (022H39FN20(;Si2)
, H, N.
1-[2-0O-Acetyl-3,5-0-[1,1,3,3-tetrakis(1-methylethyl)-1,3-
disiloxanediyl]-3-D-ribofuranosyl]-4-amino-3-fluoro-2-
(1H)-pyridinone (20). A solution of 500 mg (1.0 mmol) of 19
in 10 mL of pyridine, cooled by an ice bath, was treated with 0.10
mL (1.0 mmol) of Ac;0. The solution was stirred at room tem-
perature for 24 h. Another 0.10 mL of Ac;O was added, and the
solution was heated at 60 °C for 24 h. The solution was con-
centrated, and the residue was partitioned between H,0 and
EtOAc. The EtOAc layer was washed successively with cold 1
N HCI (2 X 50 mL), H,0, saturated NaHCOs, and brine, dried
(MgS0,), and concentrated to give 520 mg of a foam. This was
dissolved in a minimum amount of CH,Cl, and applied to a
column of 100 g of flash silica gel packed in CH,Cl,. Flash
chromatography using CH,Cl,/MeOH (100:1) gave 470 mg (87%)
of 20 as a light yellow foam: TH NMR (200 MHz) 6 0.90-1.03 (m,
28, isopropyl), 2.06 (s, 3, COCHy), 3.85-4.06 (m, 3, H-4’, H-5/,
H-5"), 4.48 (d of d, Jy.9-ga e = 8.7, 5.6 Hz, 1, H-3"), 5.32 (d of
d, JH-Z'—H-3',H-1' = 56, 1.0 HZ, 1, H'2/), 5.84 (d, JH-l'—H-2' =12 HZ,
1, H-ll), 5.86 (t, JH-5—H-6,F-3 =175 HZ, 1, H-5), 6.30 (S, 2, NHZ,
exchangeable), 7.27 (d, Jugn.s = 7.8 Hz, 1, H-6). Anal. (Cgy-
H,FN,0,Si,) C, H, N.
4-Amino-1-[2-deoxy-3,5-bis-O-(4-methylbenzoyl)-3-D-
erythro-pentofuranosyl]-3,5-difluoro-2(1H)-pyridinone (21)
and 4-Amino-1-[2-deoxy-3,5-bis-O0-(4-methylbenzoyl)-a-D-
erythro-pentofuranosyl}-3,5-difluoro-2(1H)-pyridinone (23).
Deoxyribosylation of 3.68 g (2.52 mmol) as described above gave
12.0 g of crude material. This was dissolved in a minimum amount
of CH,Cl,; and applied to a column of 800 g of flash silica gel
packed in CH,Cl,. Flash chromatography with EtOAc/CH,Cl,
(8:1) provided two products. Fractions containing the faster
moving product were concentrated to give 2.19 (17.4%) of 21 as
a white foam: [«]%p —-21.6° (c 1.05, MeOH); UV (0.1 N HCI) max
242 nm (e 2000), (MeOH) max 242, 280 nm (e 37 200, 6800); 1H
NMR (300 MHz) § 2.40 (s, 3, CHy), 2.42 (s, 3, CHy), 2.49-2.59 (m,
2, H-2, H-2"), 4.562-4.63, 5.59 (2 m, 4, H-3’, H-4/, H-5, H-§""), 6.52
(t, Jr1-momer = 6.7 Hz, peak width 13.5 Hz, 1, H-1'), 6.62 (s, 2,
NH,), 7.35 (d of d, 4, Ph), 7.58 (d of d, Jy4-r.5r.3 = 7.4, 1.5 He,
1, H'G), 7.90 (d of d, 4, Ph). Anal. (026H24F2N206) C, H, N.

Intermediate fractions were concentrated to give 7.58 g (60.6%)
of a mixture of 21 and 23 as a white foam.

Fractions containing the slower moving product were concen-
trated to give 0.44 g (3.5%) of 23 as a white foam: [«]?%p~49.2°
(¢ 1.01, MeOH); UV (0.1 N HCI) max 244 nm (2500), (MeOH)
mak 242, 280 nm (e 34700, 6500); 'H NMR (100 MHz) 5 2.37 (s,
3,CH,), 2.38 (s, 3, CHy), 2.4, 2.9 (2m, 2, H-2/, H-2"), 4.45, 5.13,
5.53 (3 m, 4, H-3’, H-4', H-&/, H-5"), 6.35 (d, Jy.1-n. = 6 Hz, peak
width 6 Hz, 1, H-1'), 6.53 (s, 2, NH,), 7.33, 7.83 (2 m, 9, Ph and
H'G). Anal. (C26H24F2N206) C, H, N.



Fluorine-Substituted 3-Deazacytosines

4-Amino-1-[2-deoxy-3,5-bis-O -(4-methylbenzoyl)-8-D-
erythro-pentofuranosyl]-3-fluoro-2(1LH)-pyridinone (22) and
4-Amino-1-[2-deoxy-3,5-bis-O0-(4-methylbenzoyl)-a-D-
erythro-pentofuranosyl]-3-fluore-2(1H)-pyridinone (24). A
suspension of 6.40 g (50 mmol) of 7 and a catalytic amount of
(NH,):S0, in 250 mL of HMDS was heated under reflux for 24
h. The solution was concentrated to give a yellow oil, which was
treated with 500 ml of 1,2-dichloroethane and 19.44 g (50 mmol)
of 1-chloro-2-deoxy-3,5-bis-O-(4-methylbenzoyl)-a-D-erythro-
pentofuranose. The solution was cooled to -25 °C by a dry
ice/IPA bath. To the resulting suspension was added a solution
of 2.4 mL (130 mmol) of trimethylsilyl trifluoromethanesulfonate
in 100 mL of 1,2-dichloroethane during 30 min such that the
temperature did not exceed ~25 °C. The suspension was allowed
to reach room temperature, becoming a solution, and was stirred
for 24 h. The solution was poured into an ice-saturated NaHCO4
solution and diluted with CH,Cl,. The layers werre separated,
and the aqueous layer was extracted with CH,Cl,. The organic
extracts were combined, dried (MgSO,), and concentrated to give
24.0 g of a yellow foam. The foam was dissolved in CH,Cl; and
applied to a column of 1 kg of flash silica gel packed in CH,Cl,.
Flash chromatography, initially with CH,Cl,/EtOAc (10:1) and
gradually increasing the polarity to CH,Cly/EtOAc (2:1), provided
two products. Fractions containing the faster moving product
were concentrated to give 5.10 g (21.3%) of 22 as a white foam.
Intermediate fractions were concentrated to give 9.66 g (40.3%)
of a mixture of 22 and 24 as a white foam. Fractions containing
the slower moving product were concentrated to give 5.08 g
(21.2%) of 24 as a white foam.
4-Amino-1-(2-deoxy-3-D-erythro-pentofuranosyl)-3,5-di-
fluoro-2(1H)-pyridinone (25). Deprotection of 2.00 g (4.01
mmol) of 21 as described gave 680 mg (65%) of 25 as a light yellow
solid. Recrystallization from EtOH: mp 191193 °C; [«]?%, +52.9°
(c 1.06, Hy0); UV (0.1 N HCI]) max 256, 280 nm (e 9900, 5900),
(MeOH) max 257, 286 nm (¢ 9600, 5700), (1 N NaOH) max 256,
282 nm (e 10400, 6200); 'H NMR (100 MHz) ¢ 1.80-2.27 (m, 2,
H-2, H-2"), 3.60, 3.80, 4.20 (3 m, 4, H-3’, H-4/, H-5’, H-5"), 5.10
(t, J5'-OH-H-5',H—5" =5 HZ, 1, 5/-0H, exchangeable), 5-25 (d, J3'—0H—H-3'
= 5 Hz, 1, 3-OH, exchangeable), 6.37 (t, Jy.1-g.oug = 7 Hz, peak
width 14 Hz, 1, H-1'), 6.52 (s, 2, NH,, exchangeable), 7.82 (d of
d, Juersps = 9, 2 Hz, 1, H-6); °F NMR § -163.05 (m, F-3 or -5),
~165.58 (m, F-5 or -3); MS, m/e 262 (6%, M*). Anal. (CyoH,o-
FyN,04) C, H. N.
4-Amino-1-(2-deoxy-8-D-erythro-pentofuranosyl)-3-
fluoro-2(1H)-pyridinone (26). deprotection of 5.80 g (12 mmol)
of 22 as described above gave 920 mg (31%) of 26 as a cream solid.
Recrystallization (two times) from EtOH: mp 168-170 °C; [a]?%,
+41.7° (¢ 1.03, H;0), UV (0.1 N HCl) max 254, 274 nm (e 8100,
6800), (MeOH) max 254, 280 nm (e 7300, 6400), (1 N NaOH) max
252, 278 nm (e 8900, 7300); 'H NMR (200 MHz) § 1.87-2.18 (m,
2, H-2/, H-2"), 3.5, 3.8, 4.2 (3 m, 4, H-%, H-4/, H-5’, H-5"), 4.5
(brs, 2, 3-OH, 5-OH, exchangeable), 5.88 (t, Jy 5 r3us = 7.5 Hz,
1, H-5), 8.17 (br s, 2, NH,, exchangeable), 6.63 (d of d, Ju.1y1.011.-
= 7.4, 6.2 Hz, peak width 13.6 Hz, 1, H-1'), 7.45 (d of d, Jy.6 mspa
=17.7,1.2 Hz, 1, H-6); 1°F NMR 6 ~157.42 (d, Jp.5.505 = 7.2 Hz,
F'3), MS, m/e 244 (3%, M+)- Anal. (ClongFN204‘0-15H20) C,
H. N, H,0.
4-Amino-1-(2-deoxy-a-D-erythro-pentofuranosyl)-3,5-di-
fluoro-2(1LH)-pyridinone (27). Deprotection of 2.69 g (5.4 mmol)
of 23 as described above gave 810 mg (57%) of 27 as a light cream
solid. Recrystallization from EtOH: mp 177-179 °C; [a]?p +25.0°
(¢ 0.85, DMF); UV (0.1 N HCI) max 255, 277 nm (e 10200, 6100),
(MeOH) max 257, 285 nm (e 9500, 5500), (1 N, NaOH) max 255,
282 nm (¢ 10 300, 6100); 'H NMR (200 MHz) § 1.8, 2.6 (2 m, 2,
H-2/, H-27), 3.4, 4.2 (2 m, 4, H-3, H-4/, H-5", H-5"), 4.86 (t, 1,
5-OH, exchangeable), 5.31 (d, 1, 3’-OH, exchangeable), 6.33
(distorted d of d, Jy 1 g1.00m.2» = 7.3, ~ 8 Hz, width ~ 10 Hz, 1,
H-1'), 6.47 (s, 2, NHy, exchangeable), 7.73 (d of d, Jugpsps =
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7.8, 1.6 Hz, H-6); ¥F NMR 5 -163.70 (m, F-3 or -5), ~165.34 (m,
F-5 or -3); MS, 262 (6%, M*). Anal. (C,(H;,F,N,0,) C, H. N.

4-Amino-1-(2-deoxy-a-D-erythro -pentofuranosyl)-3-
fluoro-2(1 H)-pyridinone (28). Deprotection of 5.08 g (11 mmol)
of 24 gave 750 mg (29%) of 28 as white solid. Recrystallization
from EtOH: mp 161-163 °C; [a]®p ~-11.8° (¢ 1.11, H,0); UV (0.1
N HCI) max 252, 275 nm (e 6800, 5700), (MeOH) max 252, 278
nm (e 7200, 6300), (1 N NaOH) max 252, 277 nm (7900, 6500);
1H NMR (200 MHz) é 1.8, 2.5 (2m, 2, H-2/, H-2""),3.4,4.1 (2 m,
4,H-3’, H-4', H-5', H-5"), 4.82 (t, 1, 5-OH, exchangeable), 5.20
(d, 1, 3'-OH, exchangeable), 5.83 (t, Ju.5 41675 = 7.6 Hz, 1, H-5),
6.10 (s, 2, NH,, exchangeable), 6.23 (d of d, Jy.y p.o 130» = 7.6, 3.0
HZ, pea.k width 10.7 HZ, 1, H-ll), 7.42 (d, JH-G-H-5 =175 HZ, 1, H-6);
197 NMR 6 -161.10 (d, Jp.g.15 = 7.3 Hz, F-3); MS, m/e 244 (8%,
M*). Anal. (C,¢H;sFN,0,C, H. N,

4-Amino-3-fluoro-1-(2,3,5-tri-O -acetyl-8-D-ribo-
furanosyl)-2(1LH)-pyridinone (29). To a solution of 1.00 g (3.84
mmol) of 17 in 20 mL of pyridine, cooled by an ice bath, was added
dropwise 1.20 mL (12.7 mmol) of Ac,0. The solution was stirred
at room temperature for 24 h and then concentrated, coevapo-
rating with toluene. The residue was combined with that from
an experiment using 500 mg (1.9 mmol) of 17 as starting material.
The residues were dissolved in EtOAc, and the solution was
washed with H,O and then brine, dried (MgSO,), and concentrated
to give 1.63 g of a gum. This was dissolved in a minimum amount
of CH,Cl; and applied to a column of 100 g of flash silica gel
packed in CH,Cly. Flash chromatography with CH,Cl,/MeOH
(50:1) gave 1.49 g (67.1%) of 29 as an off-white foam: [«]%, +16.8°
(¢ 1.09, MeOH); UV (0.1 N HCl) max 254, 280 nm (¢ 6700, 5800),
(MeOH) max 255, 283 nm (e 6900, 6200), (1 N NaOH) max 255,
280 nm (e 7500, 5800); 1TH NMR (100 MHz) § 2.03, 2.07 (25, 9,
3 COCHy), 4.25, 5.40 (2 m, 5, H-2/, H-3’, H-4’, H-&/, H-5"), 5.92
(t, JH-5-H-6,F-3 =8 HZ, 1, H-5), 6.07 (d, JH-l'-H-Z' =4 HZ, 1, H-ll),
6.38 (S, 2, NH2), 7.28 (d, JH-G-H-5 =8 HZ, 1, H'6); MS, m/e 386
(24%, M*). Anal. (CgH;gFN,Og) C, H. N.

4-(Acetylamino)-3-fluoro-1-(2,3,5-tri-O -acetyl-8-D-ribo-
furanosyl)-2(1 H)-pyridinone (30). A suspension of 500 mg (1.92
mmol) of 17 and 20 mg (catalytic amount) of 4-(dimethyl-
amino)pyridine in 10 mL of Ac,0 was heated on a steam bath
for 3 h. The resulting solution was concentrated, coevaporating
with EtOH and toluene. The residue was dissolved in EtOAc,
and the solution was washed with H,O and then brine, dried
(MgSO0y,), and concentrated to give 680 mg of a gum. This was
dissolved in a minimum amount of CH,Cl, and applied to a
column of 100 g of flash silica gel packed in CH,Cl,. Flash
chromatography with CH,Cl,/MeOH (50:1) gave 330 mg (40%)
of 30 as a white foam: [«¢]?2 +21.1° (¢ 0.53, MeOH); 'H NMR
(200 MHz) 6 2.03, 2.06, 2.11 (4 s, 12, 4 COCH,), 4.31, 5.40 (2 m,
5, H-2/, H-3', H-4/, H-5', H-5"), 6.10 (d, Js1-p5.0 = 4.3 Hz, 1, H-1%),
7.18 (d of d, J = 7-7, 6.7 HZ, 1, H-5), 7.61 (d of d, JH-G-H—5,F-3 =
8.1, 1.5 Hz, 1, H-6), 10.12 (s, 1, NH); MS, m/e 428 (7%, M*). Anal
(CIBHZIFNZQQ'OTBHZO) C, H- N, HQO-
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