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A number of nucleoside analogues have been either used clinically as anticancer drugs or
evaluated in clinical studies, while new nucleoside analogues continue to show promise. In
this article, we report synthesis and cytotoxicity of a series of new pyrido[2,3-d]pyrimidine
nucleosides. 2-Amino-3-cyano-4-methoxypyridine was converted, in two steps, to 4-amino-5-
oxopyrido[2,3-d]pyrimidine. A variety of 1-O-acetylated pentose sugar derivatives were
condensed with silylated 4-amino-5-oxopyrido[2,3-d]pyrimidine, followed by protection, to afford
a series of 4-amino-5-oxopyrido[2,3-d]pyrimidine nucleosides. Further derivatizations provided
an additional group of pyrido[2,3-d]pyrimidine nucleosides. These nucleosides were evaluated
for in vitro cytotoxicity to human prostate cancer (HTB-81) and mouse melanoma (B16) cells
as well as normal human fibroblasts (NHF). A number of compounds (1a,b, 2a-c,f, 3f+4d)
showed significant cytotoxicity to cancer cells, with 4-amino-5-oxo-8-(â-D-ribofuranosyl)pyrido-
[2,3-d]pyrimidine (1b) being the most potent proliferation inhibitor (EC50: 0.06-0.08 µM) to
all types of cells tested. However, a selective inhibition to the cancer cells was observed for
4-amino-5-oxo-8-(â-D-xylofuranosyl)pyrido[2,3-d]pyrimidine (2b), which is a potent inhibitor
of HTB-81 (EC50: 0.73 µM) and has a favorable in vitro selectivity index (28).

Introduction

Nucleoside analogues have been used clinically as
cancer chemotherapy for years, and some new analogues
are being evaluated in clinical studies.1,2 However, it is
quite common that nucleoside anticancer drugs are
associated with various adverse effects.1 Therefore,
there is a need to search for new nucleoside analogues
that can selectively inhibit cancer cell proliferation. In
the past three decades, tremendous efforts have been
directed to the search of nucleoside anticancer and
antiviral drugs. Besides other nucleoside analogues, a
large number of sangivamycin and toyocamycin ana-
logues have been synthesized and evaluated for anti-
cancer activities since these two compounds were iso-
lated four decades ago.3-8 Among many interesting
sangivamycin and toyocamycin analogues are 4-amino-
5-oxo-8-(â-D-ribofuranosyl)pyrido[2,3-d]pyrimidine-6-
carboxamide9 and 4-amino-7-oxo-8-(â-D-ribofuranosyl)-
pyrido[2,3-d]pyrimidine-5-carboxamide.10 These two
pyrido[2,3-d]pyrimidine nucleosides have a 4-aminopy-
rimidine ring which is identical to that in adenosine and
a fused pyridone ring which replaces the fused imidazole
ring in adenosine. Because of their structural similarity
to adenosine, the novel nucleoside analogues in this
class might be substrates or inhibitors in the metabolic
and signal transduction pathways in which adenosine
is involved.

To explore the possibility of pyrido[2,3-d]pyrimidine
nucleosides as potential anticancer and antiviral drugs,
4-amino-5-oxopyrido[2,3-d]pyrimidine riboside (1b) was

synthesized at ICN Pharmaceuticals, Inc. and turned
out to be a very potent inhibitor of cancer cell prolifera-
tion.11 However, compound 1b showed a similar in vitro
cytotoxicity profile to normal human cells, which indi-
cated that the compound lacks selectivity between
cancer and normal cells. The cytotoxicity of ribonucleo-
side analogues most likely results from nonselective
inhibition of RNA polymerases by the triphosphates of
ribonucleoside analogues, or from their nonselective
incorporation into RNAs and subsequent inactivation
of functional RNAs.12,13 Since nucleoside antiviral drugs
such as AZT and D4T achieve selectivity through sugar
modifications, it may be worth while exploring the
possibility to find selective anticancer drugs through
sugar modifications. In fact, sugar modifications have
proved to be useful for reducing toxicity of neplanocin
A, an antibiotic nucleoside, by introducing substituents
at the C-6′ position of the nucleoside14 and for selective
inhibition of tumor growth by 3′-C-ethynylcytidine.13

Recently, we synthesized and evaluated a series of
pyridopyrimidine nucleosides in search of selective
inhibitors of cancer cells. In this article we report the
synthesis and cytotoxicity of 4-amino-5-oxopyrido[2,3-
d]pyrimidine nucleosides having a variety of modified
sugar moieties as shown in Chart 1.

Chemistry
Schemes 1-3 show the synthesis of modified sugar

derivatives. The reaction of the keto sugar 715 with
methylmagnesium bromide, followed by protection of
the 3-hydroxyl group with benzoyl, gave the 3-â-C-
methyl derivative 8 by a similar procedure as pub-
lished.16 Treatment of 8 with TFA/water (9:1) gave 10,
which was subjected to acetylation in pyridine. Unex-
pectedly, the benzoyl group at the O-3 migrated to the
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O-2 position to yield 1-O-acetyl-2,5-di-O-benzoyl-3-C-
methyl-D-ribofuranose as the major product, which was
further acetylated in dichloromethane in the presence
of DMAP and triethylamine to give 12. The Wittig
reaction17 of 7 with methyltriphenylphosphorane gave
the 3′-C-methylene derivative 9, which was subjected
to the similar treatment as 8 to give 13.

By a similar procedure as used for preparation of 8,
the 2-C-methyl derivative 1518 was obtained from the
reaction of the keto sugar 1417 with methylmagnesium

bromide. Similarly, the reaction of 14 with ethynylmag-
nesium bromide gave the 2-C-ethynyl derivative 16.
Both Grignard reactions gave exclusively the 2-â-C-
substituted products without formation of the R-isomers,
which is consistent with the published results from
similar Grignard reactions.18 Compounds 15 and 16
were separately treated with TBAF, followed by two
successive acetylations, to give 17 and 18, respectively.

The 4-C-vinyltetra-O-acyl derivative 22 was obtained
in good yield from 1919 by a sequence of reactions:
removal of DMT, benzoylation, removal of isopropyl-
idene with TFA at low temperature, benzoylation again,
and acetylation.

Most of the pyrido[2,3-d]pyrimidine nucleosides re-
ported in this article were synthesized via the Vor-
brüggen condensation of the 1-O-acetyl pentose sugars
with silylated 4-amino-5-oxopyrido[2,3-d]pyrimidine
(Scheme 4). The substituted pyridine 2320 was treated
with trimethylsilyl iodide to remove the methyl group
to give 24, which was refluxed with formamidine acetate
in ethoxyethanol to effect a cyclization. 4-Amino-5-
oxopyrido[2,3-d]pyrimidine (25) was obtained in very
good yield. It was noted that methyl iodide liberated
during the formation of 24 needed to be removed from
the reaction mixture by a slow argon flow to avoid the
formation of undesired 2-amino-3-cyano-N1-methyl-4-
pyridone (not shown). According to a published proce-
dure of Vorbrüggen reaction,21 25 was treated with N,O-
bis(trimethylsilyl)acetamide (BSA) and the resulting
silylated form of 25 was condensed, in a one-pot reac-
tion, with the 1-O-acetylated sugars in the presence of
trimethylsilyl triflate. These condensations always gave
a mixture of two products having the 1′-â-configuration
which resulted from coupling at the N-1 position (minor)
and the N-8 position (major) of 25. The reaction course

Chart 1

Scheme 1a

a (a) 1. MeMgBr, ether, 0 °C, 7 h, 2. BzCl, pyridine, 75 °C, 3
days, 42% (2 steps); (b) Ph3PdCH2, ether, rt, 24 h, 47%; (c) TFA/
H2O, 0 °C, 2 h; (d) 1. Ac2O, pyridine, rt, overnight, 2. Ac2O, DMAP,
Et3N, CH2Cl2, rt, 3 h, 42% (3 steps); (e) Ac2O, pyridine, rt, 64% (2
steps).

Scheme 2a

a (a) MeMgBr, THF, rt, 2 h, 53%; (b) HCtCMgBr, THF, rt, 3 h,
51%; (c) TBAF, THF, rt, 2 h; (d) Ac2O, DMAP, Et3N, CH2Cl2, rt,
24 h; (e) Ac2O, AcOH, H2SO4, rt, 5 h, 62% (3 steps) for 17, 79% (3
steps) for 18.

Scheme 3a

a (a) 80% AcOH, rt, 2.5 h; (b) BzCl, pyridine, rt, 18 h; (c) TFA/
H2O, 0 °C, 2 h; (d) same as step b; (e) Ac2O, AcOH, H2SO4, rt, 6 h,
67% (5 steps).
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was clearly shown by TLC that the N-1 coupled products
were formed first and then slowly converted to the N-8
coupled products during heating. However, an equilib-
rium was reached after 2-3 days, and an extended
heating did not lead to an increase in the amount of
the N-8 coupled products. The N-8 coupled products
were usually obtained in 40-60% yields and the N-1
coupled products in 20-30% yields. The coupling prod-
ucts from 25 and a variety of sugar derivatives were
treated with ammonia in methanol to give the 4-amino-
5-oxopyrido[2,3-d]pyrimidine nucleosides 1b,d,e, 2a-
c,e,f, 3a,d-f, 4a,c,d, and 5a-d, respectively. The
L-isomer (1b-L, not shown) of 1b was prepared by the
same procedure as 1b from 1-O-acetyl-2,3,5-tri-O-ben-
zoyl-â-L-ribofuranose. Compounds 26 and 27 are shown
here as representatives of the group of the N-1 coupled
nucleosides.

Further derivatizations yielded 1a,c,f, and 2d
(Schemes 5 and 6). Compound 1b was converted to the
3′,5′-tetraisopropyldisiloxy (TIPDS) derivative 28, which
was then converted to the 2′-phenoxythiocarbonyl de-
rivative 29. A Barton type deoxygenation22,23of 29,
followed by removal of the TIPDS group with TBAF,
afforded 1a in good yield. By a similar procedure as
described for the preparation of arabinoadenosine from

adenosine,24 28 was oxidized to the 2′-keto derivative
30, which was reacted with sodium (triacetoxy)borohy-
dride, followed by removal of TIPDS, to give the arabi-
noside 1c. The 2′-C-methylene derivative 1f was pre-
pared from 30 via a Wittig reaction and a subsequent
deprotection of TIPDS by a similar procedure as used
for other nucleosides.25

The 3′-C-ethynyl derivative 2d was prepared starting
from 31, an N-8 coupled product from the Vorbrüggen
condensation of 25 and 1,2-di-O-acetyl-3,5-di-O-benzoyl-

Scheme 4a

a (a) Me3SiI, CH3CN, reflux, 20 h, 80%; (b) HC(dNH)NH2‚AcOH,
2-ethoxyethanol, reflux, 30 h, 89%; (c) BSA, ClCH2CH2Cl, TM-
SOTf, reflux, 3 days; (d) NH3/MeOH, rt, 20 h.

Scheme 5a

a (a) TIPDS-Cl, pyridine, rt, 20 h, 92%; (b) PhOC(dS)Cl, DMAP,
CH3CN, rt, 2 h; (c) SiH, ACCN, 105 °C, 15 h; (d) TBAF, THF, rt,
2 h, 71% (3 steps); (e) DMSO, DCC, TFA, pyridine, rt, 18 h, 84%;
(f) 1. NaB(OAc)3H, THF, 0 °C, 20 h, 60%, 2. NH4F, MeOH, 45 °C,
28 h, 25% (2 steps); (g) 1. Ph3PdCH2, ether, 0 °C, 4 h, 2. same as
part 2 in step f, 42% (2 steps).

Scheme 6a

a (a) NH2NH2, pyridine, AcOH, rt, 20 h; (b) DMT-Cl, pyridine,
60 °C, 4 days; (c) NH3/MeOH; (d) DMT-Cl, pyridine, 0 °C, 2 h; (e)
DMSO, DCC, TFA, pyridine, rt, 18% (5 steps); (f) HCtCMgBr,
ether, 0 °C, 8 h; (g) 80% AcOH, 49% (2 steps).
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D-xylofuranose.26 Selective deacetylation of 31 with
hydrazine27 gave 32 in good yield, which was subse-
quently protected with two 4,4′-dimethoxytrityl (DMT)
groups at the O-2′ and N-4 positions. After debenzoyl-
ation with ammonia, the resulting 33 was protected
with an additional DMT at the O-5′ position, followed
by oxidation of the 3′-hydroxyl, to give the 3′-keto
derivative 34. The Grignard reaction of 34 with ethy-
nylmagnesium bromide, followed by removal of DMT,
gave the 3′-C-ethynyl nucleoside 2d. The 2′-deoxy xy-
loside 6b was prepared from 32 via a Barton type
deoxygenation22,23 and a subsequent debenzoylation.
Compounds 3b, 4b, and 3c were prepared by catalytic
hydrogenation of 3f, 4d, and 3d, respectively. The 2′,3′-
dideoxy derivative 6a was prepared via a selective
protection of the 5′-hydroxyl group of 1a with a tert-
butyldiphenylsilyl group, a subsequent Barton type
deoxygenation,22,23and the deprotection of the silyl
group.

Stereochemistry
The sugar derivatives 10, 17, and 18 were prepared

via highly selective reactions16,18 using 7 and 14 as the
starting material, respectively. The use of 7 and 14
could predict the stereochemistry of the products since
the R-face of these ribose derivatives is much more
hindered than the â-face, as shown in Schemes 1 and
2. The resulting substituents must be on the â-face of
the ribose16,18 since only one product was formed in each
reaction. The pyrido[2,3-d]pyrimidine nucleosides have
the aforementioned two isomers: the N-1 coupled and
N-8 coupled nucleosides. In all the condensations, the
two nucleosides were always formed as the final cou-
pling products. All the major coupling products have
much higher Rf on silica gel TLC regardless of solvents
used. The two types of the fully deprotected nucleosides
have quite distinct proton NMR spectra. The amino
groups in all the major nucleosides have two doublet
peaks, one at ca. 9.6 ppm and the other at ca. 8.2 ppm,
whereas the amino groups in all the minor nucleosides
also have two doublet peaks but with much higher
chemical shifts, one at ca. 11.2 ppm and the other at
ca. 9.2 ppm. According to the differences mentioned
above, we could clearly divide the nucleosides into two
groups but still could not assign which is which. Thanks
to the X-ray crystal structure of 2b (Figure 1), we were
able unambiguously to assign the major nucleosides
including 2b as the N-8 coupled nucleosides.

Four pairs of the 5′-substituted nucleosides, 3a+4a,
3b+4b, 3e+4c, and 3f+4d, were obtained as a mixture
of the 5′(R)- and 5′(S)-isomers due to the use of the
mixtures of the 5′(R)- and 5′(S)-substituted sugars as
starting material. No efforts were made for separation
and stereochemical assignments. Compound 2d was
assigned as the 3′-C-ethynylxylofuranosyl derivative
since the isomeric 3′-C-ethynylribofuranosyl derivative
2f was prepared from the known 1-O-acetyl-3-C-ethy-
nylribofuranosyl derivative.28

In the crystal of 2b, the unit cell contains a molecule
of 2b and a molecule of water. The bond length of C1′-
N8 is 1.497 Å and the torsion angle of O4′-C1′-N8-
C9 is -171.38°, which indicates that the pyrido[2,3-
d]pyrimidine base in 2b has the anti orientation. The
pseudorotation phase angle P, calculated according to
a widely used equation,29 is 23.6°, which corresponds
to a typical C3′-endo sugar pucker.

Cytotoxicity
Compounds 25-27 and 1b-L and all the compounds

in Chart 1 except 3e and 4c were evaluated for their
cytotoxicity profile to human prostate cancer cells (HTB-
81), mouse melanoma cancer cells (B16), and normal
human fibroblasts (NHF). The results are shown in
Table 1. Compounds 1a,b, 2a-c,f, and 3f+4d showed
significant cytotoxicity to the cancer cells, with 1b being
the most cytotoxic (EC50: 0.06 µM). However, most of
these compounds also showed cytotoxicity to normal
human fibroblasts although they were slightly less
cytotoxic. Compound 2b seems more promising. Al-
though it was not so cytotoxic to the cancer cells as 1b,

Figure 1. X-ray crystal structure of compound 2b.

Table 1. Cytotoxicity of 4-Amino-5-oxopyrido[2,3-d]pyrimidine
Nucleosides

EC50
a (µM)

compd HTB-81b B16c NHFd

1a 3.9 11.3 5.0
1b 0.06 0.06 0.08
1b-L >100 >100 >100
1c 21.9 33.2 23.20
1d 46.7 85.5 >100
1e 29.3 81.0 65.1
1f >100 >100 >100
2a 2.6 19.0 9.5
2b 0.73 5.9 20.7
2c 4.44 31.6 10.4
2d >100 >100 >100
2e 31.1 60.5 41.1
2f 0.68 2.48 6.45
3c 20.4 51.6 41.1
3d 35.3 66.3 72.0
3a+4ae 10.0 18.3 16.5
3b+4bf 17.3 16.3 18.9
3f+4dg 6.1 17.2 15.3
5a 19.7 55.5 29.9
5b 36.7 96.0 65.1
5c 34.2 99.7 76.81
5d >100 >100 >100
6a 43.3 47.1 60.5
6b 26.6 68.9 38.9
25 >100 >100 >100
26 7.3 NTh 7.3
27 >100 >100 >100
toyocamycin 0.012 0.005 0.004
daunomycin 0.058 0.16 0.22
a EC50 (µM) is the concentration of compound that caused a 50%

reduction in absorbance at 490 nm relative to untreated cells using
MTS assay. b HTB-81, human prostate cancer cells. c B16, mouse
melanoma cells. d NHF, normal human fibroblasts. e Ratio of 3a
and 4a, 2:3. f Ratio of 3b and 4b, 1:3 or 3:1. g Ratio of 3f and 4d,
3:2 or 2:3. h NT, not tested.
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the compound was still quite potent (EC50: 0.73 µM).
More importantly, 2b was not very cytotoxic to the
normal cells and has a favorable in vitro selectivity
index (28). On the basis of the promising in vitro data,
we have initiated in vivo studies and the results will
be reported in due time. Evaluation of these pyridopy-
rimidine nucleosides against other types of cancer cells
as well as a variety of viruses is under way.

Structure-Activity Relationship
As can be seen from Table 1, the modified sugar

moieties have a striking effect on the cytotoxicity of
these nucleosides to both cancer and normal cells. Con-
sidering the most cytotoxic compound 1b as the parental
compound, most of the 2′-C- and 4′-C-substituted pyri-
dopyrimidine nucleosides have lost the cytotoxicity to
both cancer and normal cells. However, certain modi-
fications at the C-3′ position could be tolerated to a
certain degree. Compounds 2a-c,f which have a 3′-
modified sugar moiety still retained potent cytotoxicity
to the cancer cells. It was also noted that the mixtures
of the 5′(R,S)-C-substituted nucleosides such as the
mixture of 3f+4d still had a significant cytotoxicity to
the cancer cells. As expected, compound 1b’s L-form (1b-
L) did not show any cytotoxicity within the testing
concentration range. Compound 26 which is a N-1
coupled nucleoside having an intact ribose showed a
significant cytotoxicity to both HTB-81 and NHF cells,
whereas compound 27, another N-1 coupled nucleoside
having xylose as the sugar moiety, and the heterocycle
25 had no cytotoxicity at the concentration range tested.
The results clearly show that the intact ribofuranose is
extremely important to the cytotoxicity, which impli-
cated that the cytotoxicity was probably associated with
the phosphorylation of the nucleosides by ribonucleoside
kinases. This can also explain why 1b-L did not show
any cytotoxicity. Since some of the nucleosides having
modifications at the C-3′ position showed certain prom-
ise as anticancer agents, further work will be focused
on modifications at the C-3′ position and possibly at the
C-5′ position of the pyrido[2,3-d]pyrimidine nucleosides.

Conclusion
We have reported the synthesis of a series of 4-amino-

5-oxopyrido[2,3-d]pyrimidine nucleosides containing a
variety of modified sugar moieties. These nucleosides
were evaluated for cytotoxicity to human prostate cancer
(HTB-81) and mouse melanoma (B16) cells as well as
to normal human fibroblasts (NHF). The 2′-C- and 4′-
C-substituted nucleosides showed only weak cytotoxicity
to the cancer cells, while the 3′-C- and 5′-C-substituted
nucleosides showed moderate to significant cytotoxicity.
Compound 1b containing the intact ribose was the most
cytotoxic to both cancer and normal cells (EC50: 0.06-
0.08 µM), whereas compound 2b was identified as a
potent, selective inhibitor of the prostate cancer cells
(HTB-81) with an EC50 of 0.73 µM and in vitro selectiv-
ity index of 28. Currently, compound 2b is being
evaluated in in vivo studies. Further evaluations of
these pyrido[2,3-d]pyrimidine nucleosides against other
types of cancer cells as well as further chemical modi-
fications are under way.

Experimental Section
(A) Chemistry. 1H NMR spectra were obtained on a Varian

Mercury 300 spectrometer and tetramethylsilane was used as
the internal standard. Mass spectral data were obtained on

an electrospray mass spectrometer using negative ionization
method from Mass Consortium, Corp., San Diego, CA. El-
emental analysis was conducted by NuMega Resonance, Inc.,
San Diego. Melting points were measured on a capillary
melting point measurement apparatus and are uncorrected.
Anhydrous solvents were purchased from Aldrich or Fluka
without further treatment unless noted. Thin-layer chroma-
tography plates and silica gel for flash chromatography were
supplied by ICN Biomedicals. Solvent ratios are based on
volume in case that solvent mixture was used.

A usual workup procedure was used for most of the reactions
in the Experimental Section: The mixture was diluted with
ethyl acetate (or methylene chloride), washed sequentially with
water (or brine), dilute sodium bicarbonate, and water, dried
(Na2SO4), and concentrated to dryness at reduced pressure.
Chromatography on silica gel columns was used to purify most
of the compounds.

3,5-Di-O-benzoyl-1,2-O-isopropylidene-3-C-methyl-D-ri-
bofuranose (8). A solution of 715 (3.5 g, 12 mmol) in THF (15
mL) was added to a stirred solution of methylmagnesium
bromide (3 M in ether, 20 mL) in a mixture of THF (45 mL)
and diethyl ether (120 mL) at -5 °C. The reaction mixture
was stirred at 0 °C for 7 h and then quenched with water.
After the usual workup and a quick chromatography (5%
methanol in dichloromethane), the resulting product was
dissolved in pyridine (62 mL), and benzoyl chloride (2.75 mL,
24 mmol) was added at 0 °C. The reaction mixture was stirred
at 75 °C for 3 days and quenched with methanol (5 mL). After
the usual workup, the residue was subjected to chromatogra-
phy (20% ethyl acetate in hexanes) to give 2.1 g of 8 (42%, 2
steps) as a foam: 1H NMR (CDCl3) δ 1.33 (s, 3 H, Me), 1.51 (s,
3 H, Me), 1.60 (s, 3 H, Me), 4.51-4.68 (m, 3 H), 5.01 (d, J )
3.9 Hz, 1 H), 5.89 (d, J ) 3.6 Hz, 1 H), 7.35-7.60 (m, 6 H, Bz),
7.97-8.12 (m, 4 H, Bz).

5-O-Benzoyl-3-deoxy-1,2-O-isopropylidene-3-C-methyl-
ene-D-ribofuranose (9) Sodium tert-pentoxide (1.9 g, 18
mmol) in benzene (19 mL) was added to a stirred suspension
of methyltriphenylphosphonium bromide (7.0 g, 20 mmol) in
ether (245 mL) under argon. After stirring at room tempera-
ture overnight, the mixture was cooled to 0 °C and a solution
of 715 (2.9 g, 9.8 mmol) in benzene (10 mL) was added. After
stirring for 24 h at room temperature, the reaction mixture
was diluted with ethyl acetate (500 mL). After the usual
workup, the residue was subjected to chromatography (20%
ethyl acetate in hexanes) to give 1.4 g of 9 (47%) as an oil: 1H
NMR (CDCl3) δ 1.39 (s, 3 H, Me), 1.54 (s, 3 H, Me), 1.60 (s, 3
H, Me), 4.37-4.57 (m, 2 H), 4.96 (m, 1 H), 5.08 (m, 1 H), 5.30
(m, 1 H), 5.51 (m, 1 H), 5.92 (d, J ) 3.9 Hz, 1 H), 7.41-7.60
(m, 3 H, Bz), 8.02-8.05 (m, 2 H, Bz).

1,3-Di-O-acetyl-2,5-di-O-benzoyl-3-C-methyl-D-ribofura-
nose (12). Compound 8 (2.0 g, 4.8 mmol) was dissolved in TFA/
water (9:1, 15 mL) at -15 °C. The reaction mixture was stirred
at -10 °C for 45 min and at 0 °C for 1 h 45 min and then
concentrated to dryness under high vacuum at low tempera-
ture. The residue was dissolved in toluene and concentrated
again to dryness. After a quick chromatography (20% ethyl
acetate in dichloromethane), the resulting product 10 was
dissolved in a mixture of pyridine (28 mL) and acetic anhydride
(1.1 mL, 12 mmol). The reaction mixture was stirred at room
temperature overnight and then poured into ice/water and
extracted with ethyl acetate. After the usual workup, the
residue was subjected to chromatography (0-5% ethyl acetate
in dichloromethane) to give 1.2 g (56%) of 1-O-acetyl-2,5-di-
O-benzoyl-3-C-methyl-D-ribofuranose. This compound (0.93 g,
2.2 mmol) was dissolved in a mixture of dichloromethane (22
mL), triethylamine (0.75 mL), acetic anhydride (0.42 mL, 4.5
mmol) and DMAP (54 mg). The reaction mixture was stirred
at room temperature for 3 h, then was diluted with dichlo-
romethane. After the usual workup, the residue was subjected
to chromatography (0-8% ethyl acetate in dichloromethane)
to give 0.98 g of 12 (75%) as a foam: 1H NMR (CDCl3) δ 1.78
and 1.85 (2 s, 3 H, Ac), 1.98 and 2.02 (2 s, 3 H, Ac), 2.07 and
2.08 (2 s, 3 H, Me), 4.46-4.59 (m, 1 H), 4.70-4.87 (m, 2 H),
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5.64 and 5.74 (2 s, 1 H), 6.17 and 6.25 (2 s, 1 H), 7.38-7.62
(m, 6 H), 7.95-8.13 (m, 4 H).

5-O-Benzoyl-3-deoxy-1,2-di-O-acetyl-3-C-methylene-D-
ribofuranose (13) was prepared from 9 (1.3 g, 4.5 mmol) by
a similar procedure as described for 12, except that the second
acetylation in dichloromethane was not necessary: yield 0.97
g (64%, 2 steps); 1H NMR (CDCl3) δ 2.01 (s, 3 H, Ac), 2.11 (s,
3 H, Ac), 4.39-4.54 (m, 2 H), 5.09 (m, 1 H), 5.48 and 5.55 (2
br s, 2 H), 5.73 (m, 1 H), 6.24 (s, 1 H), 7.42-7.60 (m, 3 H, Bz),
8.05-8.10 (m, 2 H, Bz).

2-C-Ethynyl-1-O-methyl-3,5-O-(1,1,3,3-tetraisopropyl-
1,3-disiloxanediyl)-r-D-ribofuranose (16). Ethynylmagne-
sium bromide (0.5 M in THF, 200 mL) was added to a stirred
solution of 1417 (15 g, 37 mmol) in THF (30 mL) at -60 °C.
The reaction mixture was stirred at room temperature for 3
h, poured into ice/water, diluted with ethyl acetate (600 mL)
and acetic acid (10 mL). After the usual workup, the residue
was subjected to chromatography (ethyl acetate/hexanes, 1:3)
to give 8.1 g of 16 (51%) as a foam: 1H NMR (CDCl3) δ 1.00-
1.10 (m, 28 H), 2.63 (s, 1 H), 3.51 (s, 3 H, OMe), 3.60 (s, 1 H,
OH), 3.97 (m, 3 H), 4.07-4.12 (m, 1 H), 4.97 (s, 1 H).

1-O-Methyl-2-C-methyl-3,5-O-(1,1,3,3-tetraisopropyl-
1,3-disiloxanediyl)-r-D-ribofuranose (15) was prepared
from the reaction (2 h) of 1417 (4.0 g, 9.9 mmol) and methyl-
magnesium bromide in THF by a similar procedure as
described for 16: yield 2.2 g (53%) as a colorless foam; 1H NMR
(CDCl3) δ 0.87-1.05 (m, 28 H), 1.32 (s, 3 H, Me), 3.34 (s, 1 H,
OH), 3.46 (s, 3 H, OMe), 3.61 (m, 1 H), 3.90 (m, 3 H), 4.58 (s,
1 H).

2-C-Ethynyl-1,2,3,5-tetra-O-acetyl-D-ribofuranose (18).
Compound 16 (8.1 g, 18.8 mmol) was dissolved in THF (30
mL) and TBAF (1.0 M in THF, 28 mL) was added. The reaction
mixture was stirred at room temperature for 2 h, then the
solvent was evaporated. The residue was subjected to chro-
matography (5% methanol in ethyl acetate), and the resulting
product was dissolved in a mixture of dichloromethane (35 mL)
and triethylamine (15.4 mL, 111 mmol), followed by addition
of DMAP (2.25 g, 18 mmol) and acetic anhydride (9.4 mL, 100
mmol). The reaction mixture was stirred at room temperature
for 24 h and then subjected to the usual workup. After
purification by chromatography (ethyl acetate/hexane, 45:55),
the resulting product was dissolved in a mixture of acetic acid
(53 mL), acetic anhydride (5.3 mL) and sulfuric acid (0.47 mL,
8.7 mmol) at 0 °C. The reaction mixture was stirred at room
temperature for 5 h, then poured into ice/water. After the usual
workup, the residue was subjected to chromatography (ethyl
acetate in hexanes, 45:55) to give 4.1 g of 18 (79%, 3 steps) as
a colorless foam: 1H NMR (CDCl3) δ 2.04, 2.08, 2.14, 2.16 and
2.16 (5 s, 12 H, Ac), 2.67 (s, 1 H), 4.08-4.44 (m, 4 H), 5.68 (m,
1 H), 6.46 (s, 1 H).

2-C-Methyl-1,2,3,5-tetra-O-acetyl-D-ribofuranose (17)
was prepared from 15 (2.1 g, 5.0 mmol) by a similar procedure
as described for 18: total yield 1.0 g (62%) as a colorless syrup;
1H NMR (CDCl3) δ 1.65, 2.04, 2.09 and 2.11 (4 s, 15 H, Ac
and Me), 4.21-4.41 (m, 3 H), 5.02 (d, J ) 3.9 Hz, 1 H), 6.33
(s, 1 H).

1-O-Acetyl-2,3,5-tri-O-benzoyl-4-C-vinyl-D-ribofura-
nose (22). A solution of 1919 (0.89 g, 1.7 mmol) in 80% acetic
acid (25 mL) was stirred at room temperature for 2.5 h, then
the solvent was evaporated under reduced pressure. The
residue was subjected to chromatography (1-2% methanol in
dichloromethane), and the resulting foam was dissolved in
pyridine (14 mL), followed by addition of benzoyl chloride (0.22
mL, 1.9 mmol) at 0 °C. The reaction mixture was stirred at
room temperature for 18 h, then cooled to 0 °C, quenched with
methanol (5 mL), and concentrated under reduced pressure.
After the usual workup and purification by chromatography
(20% ethyl acetate in hexanes), the resulting oily foam (20)
was treated with TFA/water following the same procedure as
described for 10. The crude was purified by chromatography
(3% methanol in dichloromethane) to give 21, which was
dissolved in pyridine (8.0 mL) at 0 °C, followed by addition of
benzoyl chloride (0.34 mL, 2.9 mmol). The reaction mixture
was stirred at room temperature for 20 h, then cooled to 0 °C,

quenched with methanol (1 mL), and concentrated under
reduced pressure. After the usual workup, the residue was
coevaporated with toluene and dissolved in a mixture of acetic
acid (3.0 mL) and acetic anhydride (0.33 mL). Sulfuric acid
(97%, 36 µL) in acetic acid (0.3 mL) was added at 5 °C. The
reaction mixture was stirred at room temperature for 6 h and
diluted with ethyl acetate and brine. After the usual workup,
the residue was subjected to chromatography (30% ethyl
acetate in hexanes) to give 0.6 g (67%, 5 steps) of 22 as a syrup
(ratio of â/R anomers, 3:1): 1H NMR (CDCl3) δ 1.95 and 2.15
(2 s, 3 H, Ac), 4.41-4.67 (m, 2 H), 5.85 (m, 1 H), 5.37 and 5.49
(2 dd, J ) 10.5 and 1.2 Hz, 1 H), 5.64 and 5.77 (2 dd, J ) 17.4
and 1.5 Hz, 1 H), 5.80-6.12 (m, 3 H), 6.50 (s, 3/4 H), 6.73 (d,
J ) 4.5 Hz, 1/4 H), 7.26-8.15 (m, 15 H).

2-Amino-3-cyano-1H-pyrid-4-one (24). Trimethylsilyl io-
dide (7.5 mL, 55 mmol) was added to a stirred suspension of
2320 (7.5 g, 50 mmol) in acetonitrile (180 mL). The resulting
mixture was heated at reflux under a flow of argon (to remove
the resulting methyl iodide) for 20 h and cooled to room
temperature. The resulting precipitate was filtered and washed
with ethyl acetate and methanol to give 5.4 g (80%) of 24 as a
brownish solid: 1H NMR (DMSO-d6) δ 5.68 (d, J ) 7.5 Hz, 1
H), 6.94 (s, 2 H, NH2), 7.28 (d, J ) 7.8 Hz, 1 H), 10.6 (br s, 1
H, NH).

4-Amino-5-oxo-8H-pyrido[2,3-d]pyrimidine (25). A mix-
ture of 24 (8.0 g, 59 mmol) in 2-ethoxyethanol (250 mL) and
formamidine acetate (23 g, 220 mmol) was heated at reflux
for 30 h, cooled to 80 °C, and filtered to give 25 (8.5 g, 89%) as
a gray solid. Crystallization from a mixture of acetic acid and
water gave a colorless solid: mp > 300 °C; 1H NMR (DMSO-
d6) δ 6.09 (d, J ) 7.5 Hz, 1 H), 7.23 (d, J ) 7.8 Hz, 1 H), 8.06
and 8.41 (2 br d, 2 H, NH2), 11.98 (br s, 1 H, NH). Anal.
(C7H6N4O) C, H, N.

General Procedure for the Vorbru1 ggen Reaction.21 To
a suspension of 25 (1.1 equiv in 1,2-dichloroethane (15 mL/
mmol) was added N,O-bis(trimethylsilyl)acetamide (BSA; 4.0
equiv), and the reaction mixture was stirred at 75 °C for 2 h,
then cooled to 55 °C. The 1-O-acetyl sugar derivative (1.0
equiv) in 1,2-dichloroethane (5 mL/mmol) and TMSOTf (1.5
equiv) were added successively, and the mixture was stirred
at reflux for 3 days. The mixture was cooled to room temper-
ature, concentrated under reduced pressure, diluted with ethyl
acetate, washed successively with saturated sodium bicarbon-
ate and brine, dried over anhydrous sodium sulfate, filtered,
and concentrated to dryness. The residue was subjected to
chromatography (15-25% acetone in dichloromethane) to give
a major product (N-8 coupled product) and a minor compound
(N-1 coupled product). A solution of the major product (1 equiv)
in methanolic ammonia (25 mL/mmol) was stirred in a sealed
flask at room temperature for 20 h. The solvent was evapo-
rated, and the residue was subjected to chromatography
(methanol in dichloromethane) to give the desired nucleoside
as a colorless solid.

4-Amino-5-oxo-8-(â-D-ribofuranosyl)pyrido[2,3-d]pyri-
midine (1b) and 4-Amino-5-oxo-1-(â-D-ribofuranosyl)-
pyrido[2,3-d]pyrimidine (26). Compound 1b was prepared
from 1-O-acetyl-2,3,5-tri-O-benzoyl-D-ribose (1.7 g, 3.4 mmol)
and 25 (0.60 g, 3.7 mmol) following the general procedure:
total yield 0.47 g (48%, 2 steps) as a colorless solid; mp 222-
223 °C (crystallized from water); 1H NMR (DMSO-d6) δ 3.65
(m, 2 H), 3.91 (m, 1 H), 3.99-4.09 (m, 2 H), 5.14 (d, J ) 5.1
Hz, 1 H, OH), 5.19 (t, J ) 4.8 Hz, 1 H, OH), 5.40 (d, J ) 5.4
Hz, 1 H, OH), 6.20 (d, J ) 8.1 Hz, 1 H), 6.58 (d, J ) 4.8 Hz, 1
H), 8.19 and 9.57 (2 br d, J ) 4.6 Hz, 2 H, NH2), 8.29 (s, 1 H),
8.31 (d, J ) 8.1 Hz, 1 H); MS 293 (M - H), 161 (base - H).
Anal. (C12H14N4O5) C, H, N.

Compound 26 was obtained after debenzoylation of the
minor N-1 product in 29% yield (2 steps) as a colorless solid:
recrystallized from water, mp 245 °C dec; 1H NMR (DMSO-
d6) δ 3.60-3.82 (m, 2 H), 3.97 (m, 1 H), 4.08-4.18 (m, 2 H),
5.12 (d, J ) 6.0 Hz, 1 H, OH), 5.36 (t, J ) 4.8 Hz, 1 H, OH),
5.57 (d, J ) 4.5 Hz, 1 H, OH), 6.23 (d, J ) 6.3 Hz, 1 H), 6.37
(d, J ) 2.7 Hz, 1 H), 7.90 (d, J ) 6.6 Hz, 1 H), 8.98 (s, 1 H),
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9.18 and 11.23 (2 br d, J ) 5.4 Hz, 2 H, NH2); MS 293 (M -
H), 161 (base - H). Anal. (C12H14N4O5) C, H, N.

4-Amino-5-oxo-8-(3,5-O-(1,1,3,3-tetraisopropyl-1,3-disi-
loxanediyl)-â-D-ribofuranosyl)pyrido[2,3-d]pyrimidine
(28). TIPDS-Cl (1.3 mL, 4.1 mmol) was added to a stirred
solution of 1b (1.0 g, 3.4 mmol) in pyridine (10 mL) at 0 °C.
The reaction mixture was stirred at room temperature for 20
h, then cooled to 0 °C, quenched with water (0.5 mL), and
concentrated under reduced pressure. After the usual workup,
the residue was subjected to chromatography (60% ethyl
acetate in hexanes) to give 1.7 g of 28 (92%) as a white foam:
1H NMR (CDCl3): δ 0.95-1.10 (m, 28 H), 3.0 (m, 1 H, OH),
4.01-4.41 (m, 5 H), 5.95 and 9.85 (2 br m, 2 H, NH2), 6.29 (d,
J ) 8.1 Hz, 1 H), 6.41 (s, 1 H), 8.13 (d, J ) 8.4 Hz, 1 H), 8.42
(s, 1 H).

4-Amino-5-oxo-8-(2-deoxy-â-D-ribofuranosyl)pyrido-
[2,3-d]pyrimidine (1a). A solution of 28 (0.65 g, 1.2 mmol),
DMAP (0.30 g, 2.4 mmol), and phenyl chlorothionoformate
(0.19 mL, 1.3 mmol) in acetonitrile (10 mL) was stirred at room
temperature for 2 h and then concentrated. After the usual
workup, the residue (29) was dissolved in toluene (10 mL),
and tris(trimethylsilyl)silane (0.56 mL, 1.8 mmol) and 1,1′-
azobis(cyclohexanecarbonitrile) (74 mg, 0.30 mmol) were added.
The reaction mixture was heated at 80 °C for 2 h and at 105
°C for 15 h. The solvent was evaporated and the residue was
dissolved in THF (5 mL). TBAF (1.0 M, 2.5 mL) was added
and the reaction mixture was stirred at room temperature for
2 h. The solvent was evaporated and the residue was subjected
to chromatography (10% methanol in dichloromethane) to give
0.24 g of 1a (71%, 3 steps) as a colorless solid: mp 187-188
°C (recrystallized from water); 1H NMR (DMSO-d6) δ 2.08 (m,
1 H), 2.26 (m, 1 H), 3.61 (m, 2 H), 3.86 (m, 1 H), 4.26 (m, 1 H),
5.10 (t, J ) 5.1 Hz, 1 H, OH), 5.31 (d, J ) 4.2 Hz, 1 H, OH),
6.19 (d, J ) 8.1 Hz, 1 H), 6.85 (t, J ) 6.6 Hz, 1 H), 8.18 and
9.57 (2 br d, J ) 4.6 Hz, 2 H, NH2), 8.27 (d, J ) 8.1 Hz, 1 H),
8.29 (s, 1 H). Anal. (C12H14N4O4) C, H, N.

4-Amino-5-oxo-8-(â-D-arabinofuranosyl)pyrido[2,3-d]-
pyrimidine (1c). To a mixture of 28 (1.7 g, 3.1 mmol) and
DCC (1.3 g, 6.3 mmol) in DMSO (30 mL) at 0 °C were added
a solution of pyridine (0.3 mL, 3.8 mmol) and TFA (0.14 mL,
1.9 mmol) in DMSO (5 mL). The reaction mixture was stirred
at room temperature for 18 h and methanol (1 mL) was added.
After stirring for 6 h at room temperature, the mixture was
filtered and the filtrate subjected to the usual workup. Chro-
matography (4% methanol in dichloromethane) gave 1.4 g
(84%) of 30 as a colorless solid.

Sodium borohydride (0.46 g, 12.3 mmol) was suspended in
THF (50 mL), acetic acid (2.8 mL, 49.2 mmol) was added, and
the mixture was stirred at 0 °C for 1 h. Compound 30 (1.3 g,
2.5 mmol) in THF (15 mL) was added and the reaction mixture
was stirred at 0 °C for 20 h. The solvent was evaporated and
the residue was subjected to chromatography (4% methanol
in dichloromethane) to give 0.8 g of the arabinoside (60.4%)
slightly contaminated by the riboside. Three recrystallizations
from ethyl acetate gave 0.35 g of pure product, which was
dissolved in a solution of ammonium fluoride (0.5 M in
methanol, 3.8 mL) methanol (8 mL). The reaction mixture was
stirred at 40-45 °C for 28 h and concentrated to dryness. The
residue was subjected to chromatography (15% methanol in
dichloromethane) to give 0.13 g of 1c (25%, 2 steps) as a white
foam. Crystallization from water gave a colorless solid: mp
218-219 °C; 1H NMR (DMSO-d6) δ 3.64 (t, J ) 5.1 Hz, 2 H),
3.84 (m, 1 H), 3.93 (m, 1 H), 4.11 (m, 2 H), 5.12 (t, J ) 5.1 Hz,
1 H, OH), 5.43 (d, J ) 5.4 Hz, 1 H, OH), 5.51 (d, J ) 3.9 Hz,
1 H, OH), 6.15 (d, J ) 8.1 Hz, 1 H), 6.70 (d, J ) 4.2 Hz, 1 H),
8.03 (d, J ) 8.4 Hz, 1 H), 8.15 and 9.60 (2 br d, J ) 4.6 Hz, 2
H, NH2), 8.28 (s, 1 H). Anal. (C12H14N4O5‚0.5H2O) C, H, N.

4-Amino-5-oxo-8-(2-deoxy-2-C-methylene-â-D-ribofura-
nosyl)pyrido[2,3-d]pyrimidine (1f). Sodium tert-pentoxide
(0.20 g, 1.7 mmol) in benzene (1 mL) was added to a stirred
suspension of methyltriphenylphosphonium bromide (0.66 g,
1.85 mmol) in ether (40 mL) under argon. After stirring at
room temperature overnight, the mixture was cooled to 0 °C
and a solution of 30 (0.45 g, 0.84 mmol) in ether (5 mL) was

added, followed by addition of 5 mL of DMSO. After stirring
at 0 °C for 4 h, the reaction mixture was diluted with ethyl
acetate (50 mL). After the usual workup and chromatography
(ethyl acetate/hexanes, 1:1), the resulting product was treated
with ammonium fluoride in methanol as described for 1c.
Chromatography (9% methanol in dichloromethane) gave 100
mg of 1f (42%, 2 steps) as a white foam. Recrystallization from
water gave a colorless solid: mp 192-193 °C; 1H NMR (DMSO-
d6) δ 3.56-76 (m, 3 H), 4.56 (m, 1 H), 5.04 (t, J ) 5.1 Hz, 1 H,
OH), 5.22 (br s, 1 H), 5.37 (br s, 1 H), 5.74 (d, J ) 6.3 Hz, 1 H,
OH), 6.18 (d, J ) 8.1 Hz, 1 H), 7.31 (d, J ) 1.2 Hz, 1 H), 7.91
(d, J ) 8.1 Hz, 1 H), 8.24 and 9.53 (2 br d, J ) 4.5 Hz, 2 H,
NH2), 8.32 (s, 1 H). Anal. (C13H14N4O4) C, H, N.

4-Amino-5-oxo-8-(2-C-methyl-â-D-ribofuranosyl)pyrido-
[2,3-d]pyrimidine (1d) was prepared from 17 (0.48 g, 1.4
mmol) and 25 (0.48 g, 2.8 mmol) as described in the general
procedure: yield 0.16 g (41%, 2 steps). Recrystallization from
water gave a colorless solid: mp 193-194 °C; 1H NMR (DMSO-
d6) δ 0.81 (s, 3 H, Me), 3.63-3.87 (m, 4 H), 5.12 (s, 1 H, OH),
5.24 (d, 1 H, J ) 6.6 Hz, OH), 5.29 (t, J ) 4.2 Hz, 1 H, OH),
6.17 (d, J ) 8.4 Hz, 1 H), 6.65 (s, 1 H), 8.21 and 9.58 (2 br d,
J ) 4.8 Hz, 2 H, NH2), 8.31 (m, 2 H). Anal. (C13H16N4O5‚
0.25H2O) C, H, N.

4-Amino-5-oxo-8-(2-C-ethynyl-â-D-ribofuranosyl)pyrido-
[2,3-d]pyrimidine (1e) was prepared from 18 (1.0 g, 2.9
mmol) and 25 (0.95 g, 5.8 mmol) as described in the general
procedure: yield 0.23 g (25%, 2 steps). Recrystallized from
water to give a colorless solid: mp 130 °C dec; 1H NMR
(DMSO-d6) δ 3.15 (s, 1 H), 3.63 (m, 1 H), 3.83 (m, 2 H), 4.11
(m, 2 H), 5.32 (t, J ) 4.8 Hz, 1 H, OH), 5.76 (d, 1 H, J ) 6.9
Hz, OH), 6.17 (m, 2 H, incl. 1 OH), 6.75 (s, 1 H), 8.18 and 9.54
(2 br d, J ) 4.8 Hz, 2 H, NH2), 8.31 (s, 1 H), 8.37 (d, J ) 7.8
Hz, 1 H). Anal. (C14H14N4O5‚0.5H2O) C, H, N.

4-Amino-5-oxo-8-(3-deoxy-â-D-ribofuranosyl)pyrido-
[2,3-d]pyrimidine (2a) was prepared from 1,2-di-O-acetyl-
5-benzoyl-3-deoxy-D-xylose30 (0.69 g, 2.1 mmol) and 25 (0.45
g, 2.8 mmol) as described in the general procedure: total yield
0.11 g (28%, 2 steps). Recrystallization from water gave 2a as
a colorless solid: mp 260-262 °C; 1H NMR (DMSO-d6) δ 1.77
(m, 1 H), 2.00 (m, 1 H), 3.60 (m, 1 H), 3.83 (m, 1 H), 4.25 (m,
1 H), 4.39 (m, 1 H), 5.20 (t, J ) 4.8 Hz, 1 H, OH), 5.60 (d, J )
3.9 Hz, 1 H, OH), 6.16 (d, J ) 8.1 Hz, 1 H), 6.37 (s, 1 H), 8.18
and 9.61 (2 br d, J ) 4.8 Hz, 2 H, NH2), 8.33 (s, 1 H), 8.42 (d,
J ) 8.1 Hz, 1 H); MS 277 (M - H), 161 (base - H). Anal.
(C12H14N4O4) C, H, N.

4-Amino-5-oxo-8-(â-D-xylofuranosyl)pyrido[2,3-d]pyri-
midine (2b) and 4-Amino-5-oxo-1-(â-D-xylofuranosyl)-
pyrido[2,3-d]pyrimidine (27). Compound 2b was prepared
from 1,2-di-O-acetyl-3,5-di-O-benzoyl-D-xylofuranose26 (0.69 g,
2.1 mmol) and 25 (0.66 g, 4.1 mmol) as described in the general
procedure: total yield 0.12 g (49%, 2 steps). Recrystallization
from water gave 2b as a colorless solid: mp 190-192 °C; 1H
NMR (DMSO-d6) δ 3.70-3.82 (m, 2 H), 3.95 (m, 1 H), 4.04 (d,
J ) 4.2 Hz, 1 H), 4.21 (m, 1 H), 4.81 (t, J ) 5.7 Hz, 1 H, OH),
5.38 (d, J ) 3.0 Hz, 1 H, OH), 5.81 (d, J ) 4.5 Hz, 1 H, OH),
6.20 (d, J ) 8.4 Hz, 1 H), 6.36 (s, 1 H), 8.13 (d, J ) 8.1 Hz, 1
H), 8.18 and 9.60 (2 br d, J ) 4.5 Hz, 2 H, NH2), 8.32 (s, 1 H);
MS 293 (M - H), 161 (base - H). Anal. (C12H14N4O5‚H2O) C,
H, N.

As described for 26, compound 27 was obtained in 17% yield.
Recrystallization from water gave 27 as a colorless solid: mp
200 °C dec; 1H NMR (DMSO-d6) δ 3.74-3.87 (m, 2 H), 3.95
(m, 1 H), 4.13 (d, J ) 3.9 Hz, 1 H), 4.32 (m, 1 H), 4.88 (t, J )
5.7 Hz, 1 H, OH), 5.37 (d, J ) 3.0 Hz, 1 H, OH), 5.90 (d, J )
3.9 Hz, 1 H, OH), 6.19 (s, 1 H), 6.23 (d, J ) 6.6 Hz, 1 H), 7.92
(d, J ) 6.3 Hz, 1 H), 8.52 (s, 1 H), 9.13 and 11.17 (2 br d, J )
5.2 Hz, 2 H, NH2); MS 293 (M - H), 161 (base - H). Anal.
(C12H14N4O5) C, H, N.

4-Amino-5-oxo-8-(3-C-methyl-â-D-ribofuranosyl)pyrido-
[2,3-d]pyrimidine (2c) was prepared from 12 (0.27 g, 0.59
mmol) and 25 (0.12 g, 0.71 mmol) as described in the general
procedure: total yield 0.10 g (55%, 2 steps). Recrystallization
from methanol gave 2c as a colorless solid: mp 225-226 °C;
1H NMR (DMSO-d6) δ 1.25 (s, 3 H, Me), 3.54-3.68 (m, 2 H),

3710 Journal of Medicinal Chemistry, 2000, Vol. 43, No. 20 Girardet et al.



3.85 (m, 1 H), 3.99 (m, 1 H), 4.81 (s, 1 H, OH), 5.23 (t, J ) 4.2
Hz, 1 H, OH), 5.34 (d, J ) 6.6 Hz, 1 H, OH), 6.25 (d, J ) 8.1
Hz, 1 H), 6.79 (d, J ) 7.8 Hz, 1 H), 8.20 and 9.60 (2 br d, J )
4.8 Hz, 2 H, NH2), 8.29 (s, 1 H), 8.44 (d, J ) 8.1 Hz, 1 H); MS
307 (M - H), 161 (base - H). Anal. (C13H16N4O5) C, H, N.

4-Amino-5-oxo-8-(3-deoxy-3-C-methylene-â-D-ribofura-
nosyl)pyrido[2,3-d]pyrimidine (2e) was prepared from 13
(0.54 g, 1.6 mmol) and 25 (0.34 g, 2.1 mmol) as described in
the general procedure: total yield 0.12 g (28%, 2 steps).
Recrystallization from water gave 2e as a colorless solid: mp
137-138 °C; 1H NMR (DMSO-d6) δ 3.68-3.74 (m, 2 H), 4.62
(m, 2 H), 5.14 (t, J ) 5.1 Hz, 1 H, OH), 5.20 (d, J ) 9.9 Hz, 2
H), 5.87 (d, J ) 4.8 Hz, 1 H, OH), 6.26 (d, J ) 7.8 Hz, 1 H),
6.58 (d, J ) 6.6 Hz, 1 H), 8.23 and 9.58 (2 br d, J ) 4.8 Hz, 2
H, NH2), 8.27 (d, J ) 8.1 Hz, 1 H), 8.30 (s, 1 H). Anal.
(C13H14N4O4‚0.5H2O) C, H, N.

4-Amino-5-oxo-8-(3-C-ethynyl-â-D-xylofuranosyl)pyrido-
[2,3-d]pyrimidine (2d). Hydrazine hydrate (0.99 mL, 20
mmol) was added to a solution of 31, the major coupling
product from the condensation of 25 and 1,2-di-O-acetyl-3,5-
di-O-benzoyl-D-xylofuranose26 (3.7 g, 6.8 mmol), in a mixture
of pyridine (48 mL) and acetic acid (12 mL). The reaction
mixture was stirred at room temperature for 20 h, then acetone
(20 mL) was added. The solvent was evaporated and the crude
32 was dissolved in pyridine (55 mL). DMT-Cl (5.6 g, 16 mmol)
was added and the reaction mixture was stirred at 60 °C for
4 days, then cooled to 0 °C, quenched with methanol (5 mL).
After the usual workup, the residue was subjected to chroma-
tography (0-6% methanol in dichloromethane) to give 3.2 g
of the fully protected nucleoside, which was added to metha-
nolic ammonia (73 mL). The reaction mixture was sealed and
stirred at room temperature for 20 h. The solvent was
evaporated and the residue (33) was dissolved in pyridine (28
mL). DMT-Cl (1.0 g, 3.1 mmol) was added at 0 °C and the
mixture was stirred at the same temperature for 2 h. Methanol
(5 mL) was added and the solvent was evaporated. After the
usual workup, the residue was dissolved with DCC (1.2 g, 5.6
mmol) in a mixture of toluene (4 mL) and DMSO (17 mL).
Dichloroacetic acid (0.12 mL, 1.4 mmol) was added at 0 °C and
the reaction mixture was stirred at room temperature for 20
h. After the usual workup, the residue was subjected to
chromatography (0-5% ethyl acetate in dichloromethane) to
give 1.5 g (18%, 5 steps) of the keto nucleoside 34.

Compound 34 (0.85 g, 0.7 mmol) in THF (18 mL) was added
to a solution of ethynylmagnesium bromide (0.5 M in THF, 5
mL) in ether (18 mL), and the reaction mixture was stirred at
0 °C for 8 h, quenched with water, diluted with ethyl acetate
and 2 mL of acetic acid. After the usual workup and chroma-
tography (0-5% ethyl acetate in dichloromethane), the residue
was dissolved in 80% acetic acid (8.2 mL). The reaction mixture
was stirred at room temperature for 5 h and then at 50 °C for
1 h. The solvent was evaporated and the residue was subjected
to chromatography (15% methanol in dichloromethane) to give
0.11 g of 2d (49%, 2 steps) as a white foam. Recrystallization
from water gave a colorless solid: mp 240-242 °C; 1H NMR
(DMSO-d6) δ 3.56 (s, 1 H), 3.81 (m, 2 H), 3.98 (d, J ) 6.0 Hz,
1 H), 4.14 (m, 1 H), 5.96 (t, J ) 5.7 Hz, 1 H, OH), 6.09 (s, 1 H,
OH), 6.20 (d, J ) 8.4 Hz, 1 H), 6.33 (d, J ) 6.3 Hz, 1 H, OH),
6.36 (s, 1 H), 8.12 (d, J ) 8.4 Hz, 1 H), 8.20 and 9.59 (2 br d,
J ) 5.1 Hz, 2 H, NH2), 8.32 (s, 1 H). Anal. (C14H14N4O5‚
0.25H2O) C, H, N.

4-Amino-5-oxo-8-(3-C-ethynyl-â-D-ribofuranosyl)pyrido-
[2,3-d]pyrimidine (2f) was prepared from 1-O-acetyl-2,3,5-
tri-O-benzoyl-3-C-ethynyl-D-ribofuranose28 and 25 according to
the general procedure: total yield 38% (2 steps) as a colorless
solid; 1H NMR (DMSO-d6) δ 3.56 (s, 1 H), 3.68-3.82 (m, 2 H),
3.97 (m, 1 H), 4.29 (t, J ) 6.6 Hz, 1 H), 5.21 (t, J ) 4.4 Hz, 1
H, OH), 5.86 (d, J ) 6.6 Hz, 1 H, OH), 5.99 (s, 1 H, OH), 6.25
(d, J ) 7.8 Hz, 1 H), 6.72 (d, J ) 6.9 Hz, 1 H), 8.21 and 9.57
(2 d, J ) 5.1 Hz, 2 H, NH2), 8.30 (s, 1 H), 8.37 (d, J ) 8.1 Hz,
1 H). Anal. (C14H14N4O5‚0.25H2O) C, H, N.

4-Amino-5-oxo-8-(5(R)-C-methyl-â-D-ribofuranosyl)py-
rido[2,3-d]pyrimidine (3a) and 4-amino-5-oxo-8-(5(S)-C-
methyl-â-D-ribofuranosyl)pyrido[2,3-d]pyrimidine (4a)

were prepared as a mixture from 1-O-acetyl-5(R,S)-C-methyl-
2,3,5-tri-O-benzoyl-D-ribofuranoses19 (R/S ratio, 2:3 or 3:2; 0.65
g, 1.3 mmol) and 25 (0.24 g, 1.5 mmol) as described in the
general procedure: total yield 150 mg (25%, 2 steps) as a
colorless solid (5′(R/S)-isomers, 2:3); 1H NMR (DMSO-d6) δ 1.11
and 1.17 (2 d, J ) 6.6 and 6.3 Hz, 3 H, Me), 3.70-3.78 (m, 1
H), 3.86 (m, 1 H), 3.98-4.15 (m, 2 H), 5.08-5.20 (m, 2 H, OH),
5.33 and 5.37 (2 d, J ) 5.1 and 5.4 Hz, 1 H, OH), 6.21-6.24
(m, 1 H), 6.60 and 6.67 (2 d, J ) 4.5 and 5.4 Hz, 1 H), 8.21
and 9.58 (2 br m, 2 H, NH2), 8.27-8.47 (m, 2 H). Anal.
(C13H16N4O5‚0.25H2O) C, H, N.

4-Amino-5-oxo-8-(5(R)-C-ethyl-â-D-ribofuranosyl)pyrido-
[2,3-d]pyrimidine (3b) and 4-Amino-5-oxo-8-(5(S)-C-ethyl-
â-D-ribofuranosyl)pyrido[2,3-d]pyrimidine (4b). A sus-
pension of a mixture of 3f and 4d (R/S ratio, 1:3 or 3:1; 0.14 g,
0.45 mmol) and 10% Pd/C (200 mg) in methanol (50 mL) was
shaken in a hydrogenation apparatus (3 psi hydrogen) at room
temperature for 2 h, and the catalyst was filtered and washed
with methanol. The solvents were evaporated, and the residue
was subjected to chromatography (10% methanol in dichlo-
romethane) to give a mixture of 3b+4b (R/S ratio, 1:3 or 3:1;
0.12 g, 79%) as a colorless solid (two isomers, 1:3): 1H NMR
(DMSO-d6) δ 0.88-0.94 (m, 3 H, CH3CH2), 1.46-1.56 (m, 2
H, CH3CH2), 3.54 (m, 1 H), 3.80 and 3.86 (2 m, 1 H), 4.00-
4.12 (m, 2 H), 5.09 (m, 1 H, OH), 5.15 and 5.24 (2 d, J ) 6.0
and 5.4 Hz, 1 H, OH), 5.32 and 5.38 (2 d, J ) 5.1 and 5.4 Hz,
1 H, OH), 6.22 (d, J ) 7.8 Hz, 1 H), 6.59 and 6.65 (2 d, J ) 4.5
and 5.7 Hz, 1 H), 8.20 and 9.59 (2 br d, J ) 4.5 Hz, 2 H, NH2),
8.29-8.47 (m, 2 H). Anal. (C14H18N4O5) C, H, N.

4-Amino-5-oxo-8-(5(R)-C-propyl-â-D-ribofuranosyl)py-
rido[2,3-d]pyrimidine (3c) was prepared from 3d (85 mg,
0.25 mmol) by a similar procedure as described for 3b: yield
55 mg (65%). Recrystallization from water/methanol gave 3c
as a colorless solid: mp 218-220 °C; 1H NMR (DMSO-d6) δ
0.88 (t, J ) 6.6 Hz, 3 H, CH3CH2), 1.30-1.50 (m, 4 H,
CH3CH2CH2), 3.67 (m, 1 H), 3.78 (m, 1 H), 4.10 (m, 2 H), 5.10
(d, 1 H, J ) 4.5 Hz, OH), 5.14 (d, J ) 5.7 Hz, 1 H, OH), 5.32
(d, J ) 5.4 Hz, 1 H, OH), 6.22 (d, J ) 8.4 Hz, 1 H), 6.66 (d, J
) 5.4 Hz, 1 H), 8.21 and 9.59 (2 br d, J ) 4.5 Hz, 2 H, NH2),
8.30 (m, 2 H). Anal. (C15H20N4O5) C, H, N.

4-Amino-5-oxo-8-(5(R)-C-allyl-â-D-ribofuranosyl)pyrido-
[2,3-d]pyrimidine (3d) was prepared from 1-O-acetyl-2,3,5-
tri-O-benzoyl-5(R)-C-allyl-D-ribofuranose19 (0.65 g, 1.2 mmol)
and 25 (0.23 g, 1.4 mmol) as described in the general
procedure: total yield 0.15 g (39%, 2 steps). Recrystallization
from water gave 3d as a colorless solid: mp 208-209 °C; 1H
NMR (DMSO-d6) δ 2.14-2.30 (m, 2 H), 3.71-3.82 (m, 2 H),
4.08-4.15 (m, 2 H), 5.03-5.14 (m, 3 H, incl. 1 OH), 5.31 (d, J
) 5.4 Hz, 1 H, OH), 5.36 (d, J ) 5.7 Hz, 1 H, OH), 5.80-5.93
(m, 1 H), 6.22 (d, J ) 8.1 Hz, 1 H), 6.65 (d, J ) 5.7 Hz, 1 H),
8.22 and 9.58 (2 br d, J ) 4.8 Hz, 2 H, NH2), 8.29 (d, J ) 9.0
Hz, 1 H), 8.30 (s, 1 H). Anal. (C15H18N4O5) C, H, N.

4-Amino-5-oxo-8-(5(R,S)-C-vinyl-â-D-ribofuranosyl)py-
rido[2,3-d]pyrimidine (3e) and 4-amino-5-oxo-8-(5(R,S)-
C-vinyl-â-D-ribofuranosyl)pyrido[2,3-d]pyrimidine (4c)
were prepared as a mixture from 1-O-acetyl-2,3,5-tri-O-ben-
zoyl-5(R,S)-C-vinyl-D-ribofuranoses19 (R/S ratio, 1:1; 0.41 g,
0.77 mmol) and 25 (0.15 g, 0.93 mmol) as described in the
general procedure: total yield 0.095 g (39%, 2 steps) as a
colorless solid (5′(R/S)-isomers, 1:1); 1H NMR (DMSO-d6) δ
3.85-3.92 (m, 1 H), 4.00-4.19 (m, 2 H), 4.25 (m, 1 H), 5.10-
5.19 (m, 2 H, including 1 OH), 5.27-5.41 (m, 2 H, include. 1
OH), 5.59 (m, 1 H, OH), 6.23 (m, 1 H), 6.58 and 6.72 (2 d, J )
5.1 and 7.2 Hz, 1 H), 8.21 and 9.58 (2 br m, 2 H, NH2), 8.29-
8.44 (m, 2 H). Anal. (C14H16N4O5‚0.2H2O) C, H, N.

4-Amino-5-oxo-8-(5(R,S)-C-ethynyl-â-D-ribofuranosyl)-
pyrido[2,3-d]pyrimidine (3f) and 4-amino-5-oxo-8-(5(R,S)-
C-ethynyl-â-D-ribofuranosyl)pyrido[2,3-d]pyrimidine (4d)
were prepared as a mixture from 1-O-acetyl-2,3,5-tri-O-ben-
zoyl-5(R,S)-C-ethynyl-D-ribofuranoses19 (R/S ratio, 1:1; 1.5 g,
2.8 mmol) and 25 (0.50 g, 3.1 mmol) as described in the general
procedure: total yield 0.43 g (51%, 2 steps) as a colorless solid
(5′(R/S)-isomers, 1:1); 1H NMR (DMSO-d6) δ 3.42 and 3.50 (2
d, J ) 1.8 Hz, 1 H), 3.92 (m, 1 H), 4.02-4.20 (m, 2 H), 4.44-
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4.50 (m, 1 H), 5.28 and 5.33 (2 d, J ) 4.2 and 4.8 Hz, 1 H,
OH), 5.40 and 5.46 (2 d, J ) 6.0 Hz, 1 H, OH), 6.11 and 6.16
(2 d, J ) 5.4 and 5.7 Hz, 1 H, OH), 6.24 (m, 1 H), 6.68 and
6.77 (2 d, J ) 6.0 and 6.9 Hz, 1 H), 8.20-8.31 (m, 2 H), 8.23
and 9.57 (2 br d, J ) 3.3 Hz, 2 H, NH2). Anal. (C14H14N4O5) C,
H, N.

4-Amino-5-oxo-8-(4-C-methyl-â-D-ribofuranosyl)pyrido-
[2,3-d]pyrimidine (5a) was prepared from 1-O-acetyl-2,3,5-
tri-O-benzoyl-4-C-methyl-D-ribofuranose19 (0.60 g, 1.2 mmol)
and 25 (0.23 g, 1.4 mmol) as described in the general
procedure: total yield 0.13 g (39%, 2 steps). Recrystallization
from water gave 5a as a colorless solid: mp 124-127 °C; 1H
NMR (DMSO-d6) δ 1.13 (s, 3 H, Me), 3.4 (m, 2 H), 3.99 (t, J )
5.1 Hz, 1 H), 4.29 (m, 1 H), 5.11 (d, J ) 4.8 Hz, 1 H, OH), 5.27
(d, J ) 6.6 Hz, 1 H, OH), 5.31 (t, J ) 5.1 Hz, 1 H, OH), 6.24
(d, J ) 8.1 Hz, 1 H), 6.71 (d, J ) 6.6 Hz, 1 H), 8.19 and 9.59
(2 br d, J ) 4.6 Hz, 2 H, NH2), 8.30 (s, 1 H), 8.32 (d, J ) 8.1
Hz, 1 H). Anal. (C13H16N4O5) C, H, N.

4-Amino-5-oxo-8-(4-C-ethyl-â-D-ribofuranosyl)pyrido-
[2,3-d]pyrimidine (5b) was prepared from 1-O-acetyl-2,3,5-
tri-O-benzoyl-4-C-ethyl-D-ribofuranose19 (0.70 g, 1.3 mmol) and
25 (0.26 g, 1.6 mmol) as described in the general procedure:
total yield 0.15 g (39%, 2 steps). Recrystallization from
methanol gave 5b as a colorless solid: mp 230-232 °C; 1H
NMR (DMSO-d6): δ 0.85 (t, J ) 7.5 Hz, 3 H, CH3CH2), 1.55-
1.70 (m, 2 H, CH3CH2), 3.50 (d, J ) 4.8 Hz, 2 H), 4.02 (t, J )
4.9 Hz, 1 H), 4.34 (m, 1 H), 5.07 (d, J ) 4.5 Hz, 1 H, OH), 5.22
(m, 2 H, OH), 6.25 (d, J ) 8.1 Hz, 1 H), 6.72 (d, J ) 7.5 Hz, 1
H), 8.19 and 9.59 (2 br d, J ) 4.6 Hz, 2 H, NH2), 8.30 (m, 2 H).
Anal. (C14H18N4O5) C, H, N.

4-Amino-5-oxo-8-(4-C-vinyl-â-D-ribofuranosyl)pyrido-
[2,3-d]pyrimidine (5c) was prepared from 22 (0.60 g, 1.1
mmol) and 25 (0.24 g, 1.5 mmol) as described in the general
procedure: total yield 0.17 g (52%, 2 steps). Recrystallization
from methanol gave 5c as a colorless solid: mp 211-213 °C;
1H NMR (DMSO-d6) δ 3.32-3.38 (m, 1 H), 3.51-3.57 (m, 1
H), 4.18-4.28 (m, 2 H), 5.10-5.32 (m, 4 H, incl. 2 OH), 5.43
(t, J ) 5.1 Hz, 1 H, OH), 5.97 (dd, J ) 10.8 and 17.4 Hz, 1 H),
6.26 (d, J ) 8.1 Hz, 1 H), 6.73 (d, J ) 6.0 Hz, 1 H), 8.22 and
9.59 (2 br d, J ) 4.6 Hz, 2 H, NH2), 8.30 (s, 1 H), 8.36 (d, J )
8.4 Hz, 1 H). Anal. (C14H16N4O5) C, H, N.

4-Amino-5-oxo-8-(4-C-hydroxymethyl-â-D-ribofurano-
syl)pyrido[2,3-d]pyrimidine (5d) was prepared from 1-O-
acetyl-4-C-benzoyloxymethyl-2,3,5-tri-O-benzoyl-D-ribofura-
nose19 (1.8 g, 2.8 mmol) and 25 (0.47 g, 2.9 mmol) as described
in the general procedure: total yield 0.36 g (35%, 2 steps).
Recrystallization from water gave 5b as a colorless solid: mp
156-158 °C; 1H NMR (DMSO-d6) δ 3.6 (m, 4 H), 4.13 (m, 1
H), 4.27 (m, 1 H), 4.67 (br m, 1 H, OH), 5.16 (d, J ) 3.9 Hz, 1
H, OH), 5.23 (t, J ) 4.6 Hz, 1 H, OH), 5.32 (br m, 1 H, OH),
6.25 (d, J ) 8.1 Hz, 1 H), 6.77 (d, J ) 6.9 Hz, 1 H), 8.20 and
9.58 (2 br d, J ) 4.8 Hz, 2 H, NH2), 8.30 (s, 1 H), 8.31 (d, J )
7.8 Hz, 1 H). Anal. (C13H16N4O6) C, H, N.

4-Amino-5-oxo-8-(2,3-dideoxy-â-D-ribofuranosyl)pyrido-
[2,3-d]pyrimidine (6a). DMAP (0.2 g, 1.6 mmol) and TBDPS-
Cl (0.43 mL, 1.6 mmol) were added to a solution of 1a (0.41 g,
1.5 mmol) in pyridine (15 mL) at 0 °C. The reaction mixture
was stirred at room temperature for 2 h, then water (0.1 mL)
was added, and the solvent was evaporated. After the usual
workup, the residue was converted to 6a by a similar procedure
as described for 1a: yield 65 mg (18%, 4 steps). Recrystalli-
zation from ethyl acetate/methanol gave 6a as a colorless
solid: mp 174-176 °C; 1H NMR (DMSO-d6) δ 1.80-2.10 (m,
3 H), 2.35-2.45 (m, 1 H), 3.58 (m, 1 H), 3.76 (m, 1 H), 4.10
(m, 1 H), 5.13 (t, J ) 5.1 Hz, 1 H, OH), 6.15 (d, J ) 8.1 Hz, 1
H), 6.60 (m, 1 H), 8.15 and 9.60 (2 br d, J ) 4.8 Hz, 2 H, NH2),
8.28 (s, 1 H), 8.39 (d, J ) 8.1 Hz, 1 H). Anal. (C12H14N4O3) C,
H, N.

4-Amino-5-oxo-8-(2-deoxy-â-D-xylofuranosyl)pyrido-
[2,3-d]pyrimidine (6b). Compound 32 (0.29 g, 0.58 mmol)
and DMAP (0.21 g, 1.7 mmol) were dissolved in acetonitrile
(12 mL) and phenyl chlorothionoformate (0.12 mL, 0.87 mmol)
was added at 0 °C. The reaction mixture was stirred at room
temperature for 2 h and the solvent was removed. After the

usual workup, the residue was dissolved in toluene (4.7 mL),
followed by addition of tris(trimethylsilyl)silane (0.45 mL, 1.5
mmol) and 1,1′-azobis(cyclohexanecarbonitrile) (37 mg, 0.15
mmol). The reaction mixture was heated at reflux for 2 h, then
cooled to room temperature. The solvent was evaporated and
the residue was subjected to chromatography (0-2% methanol
in dichloromethane). The product was dissolved in methanolic
ammonia (11 mL) and the reaction mixture was sealed and
stirred at room temperature for 24 h. The solvent was
evaporated and the residue was subjected to chromatography
(10% methanol in dichloromethane) to give 110 mg of 6b (74%,
3 steps) as a colorless solid: mp 214-216 °C (recrystallized
from methanol); 1H NMR (DMSO-d6) δ 1.96 (d, J ) 14.4 Hz, 1
H), 2.62-2.72 (m, 1 H), 3.76 (m, 2 H), 3.94 (m, 1 H), 4.27 (m,
1 H), 4.78 (t, J ) 5.4 Hz, 1 H, OH), 5.21 (d, J ) 3.3 Hz, 1 H,
OH), 6.23 (d, J ) 8.1 Hz, 1 H), 6.70 (m, 1 H), 8.17 and 9.61 (2
br d, J ) 4.9 Hz, 2 H, NH2), 8.25 (d, J ) 8.1 Hz, 1 H), 8.30 (s,
1 H). Anal. (C12H14N4O4) C, H, N.

(B) MTS Cytotoxicity Assay. All compounds tested in
vitro were dissolved in DMSO (100 mM solution) and subse-
quently diluted in the culture medium before treatment of the
cultured cells. Tested cells were plated in 96-well plates at a
density of 4 × 103 cells/well/200 µL of the proper culture
medium and treated with the compounds at concentrations of
0.78-100 µM. In parallel, the cells were treated with 1% of
DMSO as control.

MTS Assay (Promega, G5430) was performed 72 h later
according to instructions provided by Promega. This assay
is based on the cellular conversion of the tetrazolium salt,
MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium, inner salt], into a formazan
that is soluble in cell culture medium and is measured at 490
nm directly in 96-well assay plates without additional process-
ing. Absorbance is directly proportional to the number of living
cells in culture. Three types of cells were used in these
studies: (1) normal human dermal fibroblasts (NDHF) from
Clonetics, Inc., #CC-2509, cultivated in FGM medium provided
by Clonetics, #CC-3132; (2) human prostate cancer cells
DU-145 (HTB-81) provided by ATCC and cultivated in MEM
(ICN, #1210254) supplemented with 10% fetal bovine serum
(Hyclone, #SH30070.03) and 2 mM of L-glutamine (ICN,
#1680149); (3) mouse melanoma B16 from ATCC cultivated
in the same type of medium as HTB-81 cells.
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