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NUCLEOSIDES. 127. SYNTHESIS OF PYRIDO[2,3-4d]1PYRIMIDINE
NUCLEOSIDES FROM 5-CYANOURIDINE!

Tsann-Long Su, Kazuho Harada and Kyoichi A. Watanabe*

Laboratory of Organic Chemistry, Sloan-Kettering Institute,
Memorial Sloan-Kettering Cancer Center,
Sloan-Kettering Division of the Graduate School of Medical
Sciences, Cornell University, New York, NY 10021

Abstract. 7-Amino-6-substituted-1-(B-D-ribofuranosyl)pyridol(2,3-
dlpyrimidine-2,4(1H,3H)-diones were prepared in good yields from
5-cyanouridine by application of a novel ring transformation
reaction recently developed in our laboratory. Treatment of 3-
benzyloxymethyl-2’,3'-0-isopropylidene~-5'-0-trityl-5-cyanouridine
with malononitrile, cyanoacetamide or ethyl cyanoacetate in base
gave directly the pyridopyrimidine nucleosides bearing a CN,.
CONH, and CO,Et at C-6, respectively. The benzyloxymethyl and
trityl protecting groups were removed by hydrogenolysis and the
isopropylidene group by acid hydrolysis.

The pyridol2,3-d)lpyrimidine ring system is found in a number
of biologically active compounds.z'8 However, only three
publications have appeared for the synthesis of nucleoside deri-
vatives containing this heterocyclic ring system. Thus, Broom et
al.g first reported the synthesis of l-ribofuranosylpyridol2,3-
dlpyrimidine-2,4(1H,3H)-dione and 8-ribofuranosylpyrido(2,3-
dlpyrimidine-2,4(3H,8H)-dione by condensation of the
corresponding bis{(trimethylsilyl)ated base with tri-O-acetyl-D-
ribofuranosyl bromide followed by removal of protecting groups.
Subsequently, they synthesized 8-8-D-ribofuranosyl-4-
aminopyridolz,3-d]pyrimidine—s(8H)—one—6-—carboxamidelo and 8-B-D-
ribofuranosyl-4-aminopyridol(2,3-dlpyrimidine-7 (8H)-one-5-carboxa-

midel?! as analogs of the antitumor antibiotic sangivamycin.lz'13
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These latter syntheses also required condensation of the sugar
and base.

Our recent discovery14’15 that 5-cyano-1,3-dimethyluracil
can be converted in very high yields into 6-substituted-7-amino-
1,3-dimethylpyridol2,3-dlpyrimidine-2,4(1H,3H)-dione in one-step
by treatment with activated acetonitriles prompted us to apply
this novel reaction to the synthesis of pyridopyrimidine
nucleosides.

3-N-Benzyloxymethyl-2',3'-O-isopropylidene-5'-O-trityl-5-
cyanouridine (3) (Scheme I) was chosen as the key intermediate.
Since the ring transformation reaction occurs in basic medium,
the N-3 position required protection by a removable protecting

group in order to prevent anion formation,l®

and the sugar
protecting groups must be stable to base. Compound 3 was pre-
pared from the known and readily available 3'-O-isopropylidene-
5"O—trity1-5—bromouridine17 (1) in two steps. Treatment of 1
with benzyloxymethyl chloride in N,N~-dimethylformamide (DMF) in
the presence of 1,8-diazabicyclo-[5,4,0lundec-7-ene (DBU)
afforded the protected nucleoside 2 in high yield. Conversion of
2 to 3 was achieved by treatment of 2 with sodium cyanide in
pMF.18 Compound 3 was obtained in 80% yield as a syrup.

Treatment of 3 with malononitrile in ethanolic sodium etho-
xide afforded crystalline 7-amino-3-benzyloxymethyl-6-cyano-1-
(2',3'-0-isopropylidene-5'-0-trityl-p-D-ribofuranosyl)pyridol2,3-
dlpyrimidine-2,4(1H,3H)-dione (4) in 84% yield. The UV spectral
behavior of 4 was characteristic of that for 1,3-di-substituted
pyrido[2.3—d]pyrimidine—2,4(1H,3H)-diones.15 This product con-
tained a cyano group as evidenced by an absorption band at =
2220 cm™ !l in the IR spectrum. The 1y NMR spectrum, which showed
the appearance of a new singlet at 6§ 8.47 for H-5 of 4 with
concommitant disappearance of the H~-6 signal at & 8.05 in 3, is
also consistent with the pyridopyrimidine nucleoside structure 4

(Table I). By similar treatment of 3 with cyanoacetamide or
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ethyl cyanoacetate, 7-amino-3-benzyloxymethyl-1-(2°,3'-0-isopro-
pylidene-5'-O-trityl-p-D-ribofuranosyl)pyridol2,3~dlpyrimidine-

2,4(1H,38)-dione-6-carboxamide (5) and -6-ethylcarboxylate (6),

respectively, were obtained in 70-75% yield.

Attempts to prepare the free nucleoside 7 by first
hydrogenolysis of 4 followed by acid hydrolysis resulted in
decomposition of the nucleoside. However, reduction of 5 went
smoothly, and the resulting 2’,3'-O-isopropylidene nucleoside 9
afforded crystalline 7-amino-1-(g-D-ribofuranosyl)pyridof2,3-
dlpyrimidine-2,4(1H.3H)-dione-6-carboxamide (10) on acid hydroly-
sis. The carboxamide group in 9 was readily converted into the
cyano function under very mild conditions. Thus. treatment of 9

with trifluoroacetic anhydride in pyridine19

afforded the 6-cyano
nucleoside 8 which was then deisopropylidenated to give 7-amino-
6-cyano-1-(g-D-ribofuranosyl)pyridof2,3-dlpyrimidine-2,4(1H,3H)-
dione (7) in crystalline form. Deprotection of 6 occurred
readily, and crystalline 7-amino-1-(p-D-ribofurano-
syl)pyridol2,3-dlpyrimidine~-2,4(1H,3H)-dione-6-ethylcarboxylate
(11) was obtained in good yield. Nucleoside 11, in turn, was
converted into the carboxamide 10 by treatment with liquid ammo-
nia at 90°C for 3 days. Thus, the reaction of 3 with
malonitrile, cyancacetamide and ethyl cyanoacetate gave the
pyridopyrimidine nucleosides 4-6 which were eventually converted
into the same common structure 7 (Scheme 1). The location of the
glycosyl group on the pyridol2,3-dlpyrimidine ring was not
vigorously established. However, according to the mechanism
proposed earlier,14:15 ring transformation of the uridine precur-
sor 3 should yield the 1-ribosyl derivatives 4-6. Glycosyl N1
N8 migration is highly unlikely since it would require conversion
to the less stable cross-conjugated system. Migration of this
type is without precedent, while the reverse (N8—»N1) has been
reported.10 These considerations support our assignment of

structures 7-11 in Scheme 1 to the deprotected pyridopyrimidine
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nucleosides. Modification at the functional groups on the

pyridopyrimidine ring is now being studied in our laboratory.

EXPERIMENTAL
General. Melting points were determined on a Thomas-Hoover
capillary apparatus and are uncorrected. 1y nMR spectra were
obtained on a JEOL-PFT-100 Spectrometer, and TMS was the internal
standard for organic solvents and DDS (external) for deuterium
oxide. UV and IR spectra were recorded on a Cary Model 15
Spectrometer and a Perkin-Elmer Infracord, respectively.
Microanalyses were performed by M.H.W. Laboratories, Phoenix,
Arizona. TLC was performed on Uniplates (Analtech, Newark,
Delaware) and column chromatography on silica gel G60 (70-230
mesh, ASTM, Merck).
3-Benzyloxymethyl-2',3'-0O-isopropvlidene=5'-0-trityl-S-bromo-
uridine (2)

Benzyloxymethyl chloride (4.7g, 30 mmol) was added dropwise
to a mechanically stirred solution of 117 (14.5g, 24.3 mmol) and
DBU (4.57g, 30 mmol) in dry DMF (200 mL) at 0°C. The mixture was
stirred for an additional 2.5 h at 0°C, and then was concentrated
in vacug. The residue was partitioned between CH,Cl, (200 mL)
and water (100 mL). The organic layer was separated, washed with
water (2 x 100 mL), dried (Na,SO,), and concentrated to dryness.
The residue was dissolved in CH,Cl, and chromatographed over a
column of silica gel (40 x 5§ cm) using CH,Cl, as the eluent.
Fractions were monitored by TLC (hexane-EtOAc 3:2). Appropriate
fractions were combined and evaporated in vacyo to give 2 (117.6g,
92%) as a syrup. All attempts at crystallization of this product
failed. The spectral data of this compound are listed in Table
I.

Anal. Calcd. for C59H39BrN,0O4: C, 64.55; H, 5.14; Br,

11.01; N, 3.86. Found: C, 64.73; H, 5.33; Br, 10.89; N, 3.83.
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3-Benzoyloxymethyl-2'-3'-O-isopropylidene-5'-Q-trityl-$S-cyano-
uridine (3)

A mixture of 2 (18.0g, 24.8 mmol) and NaCN (3.0g, 37.2 mol)
in DMF (200 mL) was heated at 80°C for 5 h, then concentrated in
yvacuo. The residue was partitioned between water (500 mL) and
EtOAc (200 mL). The aqueous layer was separated and extracted
with EtOAc (3 x 200 mL). The combined organic layers were washed
with water (3 x 200 mL), dried (Na,SO,4), evaporated, and the
residue chromatographed using pn-hexane-EtOAc (17:3 v/v) as the
eluent. Compound 3 (13.2g, 80%) was obtained as a syrup. See
Table I for the spectral data of this product.

Anal. Calcd. for C4gH37N309: C, 71.52; H, 5.55; N, 6.24.
Found: C, 71.31; H, 5.67; N, 6.24.
1-Anino-3-bepzyloxymethyl-1-(2',3'-0O-isopropylidene-5'-Q-trityl-8-
D-ribofuranosyllpyridol2,3-dlpyrimidine-2,4(1H,3H)-dione-6-
carboxylic acid.

Derivatives. fa) 6-Carbonitrile (4)

A solution of 3 (5.0g, 7.4 mmol) and malononitrile (737 mg,
11.2 mmel) in NaOEt/EtOH (prepared by dissolving 343 mg of Na in
100 mL of EtOH) was heated at reflux for 30 min. After cooling
the mixture to room temperature, crystalline precipitates were
collected by filtration and recrystallized from CHCl3-EtOH to
afford 4 (4.61g, 84%), mp 153-154°C (dec). See Table I for
spectral data.

Anal. Calcd. for C43H39Ng0,°2/5 CHCl4: C, 66.36; H, 5.11; N,
8.92. Found: C, 66.51; H, 5.13; N, 8.99. The presence of CHCl,4
in the sample was detected by 14 NMR taken in DMSO-dg.

(b) é-Carboxamide (5).

In a similar manner but using cyanoacetamide (938 mg) as the
nucleophile, the 6-carboxamide analog 5 (4.0g, 71%) was obtained,
mp 149-150°C (dec). Table I 1lists the spectral characteristics
of this compound.

Anal. Calcd. for C, 3H NgOg'1/2 CHCl4: C, 64.07; H, 5.09; N,
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8.59. Found: C, 63.96; H, 5.,09; N, 8.59.
{c) 6-Carboxylic Acid Ethyl Ester (6).

This compound 6 was obtained by treatment of 3 (5.0g) with
ethyl cyanoacetate (1.26g) at reflux for 15 min. The reaction
mixture was diluted with water (100 mL), and the precipitates
were collected by decantation of the supernatant. The residue
was dissolved in CHClj, the solution dried (Na2504). and purified
by chromatography on a silica gel column (5 x 40 cm) using
hexane-EtOAc (7:3 v/v) as the eluent. Compound 6 (4.13g, 74%)
was obtained as an amorphous powder.

Anal. Calcd. for C4qH 4N,04'H,0: C, 67.33; H, 5.74; N,
6.98. Found: C, 67.38; H, 5.63; N, 6,74.
1-Amino-1-(2"',3'-0-isopropylidene-B-D-ribofuranosyllpyridof2,3-
dlpyrimidine-2,4(1H,3H)~dione-6-carboxamide (9)

A mixture of 5§ (2.00g, 2.65 mmol), 10% P4/C (1.80g), EtOH
(150 mL) and EtOAc (150 mL) was shaken at room temperature for 40
h in a Parr hydrogenator in a hydrogen atmosphere with an initial
pressure of 40 p.s.i. The catalyst was removed by filtration,
and washed with EtOH (3 x 100 mL). The combined filtrate and
washings were concentrated to dryness in vacuo. The resulting
powder (1.35g) was washed well with ether (5 x 50 mL) to give 692
mg (74%) of 9, mp > 300°C. The product was used directly in the
next step.
1-Amino-6-cyano=1=(2"'.3'-0O-isopropylidene-p-D=
ribofyrapnesyl)pyridol2.3-dlpyrimidine-2.4(1H.3H)-dione (8)

Trifluoroacetic anhydride (0.51 mL, 3.78 mmol) was added to
a stirred, ice-cooled solution of 9 (450 mL, 1.14 mmol) in
anhydrous dioxane (60 mL) and dried pyridine (0.55 mL., 6.84 mmol)
at such a rate that the temperature was kept below 5°C. The
mixture was stirred an additional 3 h at room temperature, then
poured onto ice-water (100 mL), and extracted with EtOAc (3 x 50
mL). The combined organic extracts were washed with water (3 x

50 mL), dried (Na,S0,), and concentrated to dryness ipn wyacug to
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give 329 mg (77%) of 8, mp > 300°C. IR (KBr) 2220 cm™ 1 (CN).
71-Amino-6-¢vano-l-(B-D-ribofuranosyl)pyridof2.3-dlpyrimidine-
2,4(1H,3H)-dione (7)

A mixture of 8 (113 mg, 0.30 mmol) in EtOH (25 mL) and 18%
HC1l/MeOH (10 mL) was stirred at room temperature for 2 h. Com-
pound 7 precipitated from the mixture was collected by
filtration, and recrystallized from DMF-MeOH to give 83 mg (82%)
of pure product, mp > 300°. See Table I for spectral
characteristics.

Anal. Calecd. for Cy3H{3N504: C, 46.33; H, 3.79; N, 20.91.
Found: C, 46.57; H, 3.91; N, 20.89.
71-Anino-1-(p-D-ribofuranosyllpyridol2.3-dlpyrimidine-2.4(1H,3H)~
dione-6-carboxamide (10)

In a similar manner as above, 10 was obtained from 9 by acid
hydrolysis of the isopropylidene group, mp > 300°C. The spectral
characteristics of 10 are listed in Table I.

Anal. Calcd. for Cy3H sNg07°1/2 Hy0: C, 43.10; H, 4.45; N,
19.33, Found: C, 43.36; H, 4.42; N, 19.43.
I1-Amino-1-(B-D-ribofuranesyllpyridol2.3-dlpyrimidine-2,4(1H,3H) -
dione-6-carboxylic acid ethyl ester (11)

To a solution of 6 (753 mg, 1 mmol) in EtOH (120 mL) and
EtOAc (30 mL) was added 10% Pd/C (700 mg), and the mixture was
hydrogenated in a Parr hydrogenator at room temperature at an
initial pressure of 40 psi. After 20 h, the catalyst was removed
by filtration and washed well with EtOH. The combined filtrate
and washings were concentrated to dryness. The residue was
treated with 5% HC1/MeOH (20 mL) overnight at room temperature.
The solvent was removed in vacuo, and the residue crystallized
from DMF-EtOH to afford 11, (166 mg, 44%), mp > 340°C. See Table
I for the spectral data.

Anal. Calcd. for CqsH)gN4Og'H,0: C, 45.00; H, 5.03; N,

13.99. Found: C, 44.88; H, 4.86; N, 13.80.
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Convergion of 11 to 10

A mixture of 11 (15 mg, 0.042 mmol) in liquid NH4 (10 mL)
was heated in a sealed tube at 90°C for 3 days. The NH, was allowed
to evaporate, and the solid residue was recrystallized from DMF-
EtOH to afford 10 ( 9 mg, 65%), mp > 300°C. The IR spectrum of
this product was identical to that of authentic sample of 10

prepared from 9 (yvide sypra).
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