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NUCLEOSIDES, XLVI‘I

SYNTHESES AND REACTIONS OF 6- AND 7-p-CHLOROPHENYLLUMAZINE
NUCLEOSIDES

Najim A. Al-Masoudi® and Wolfgang Pf]eiderer*

* Dept. of Chemistry, College of Science, University of Basrah,

Basrah / Iraq;

Fakultdt fir Chemie, Universitat Konstanz, Postfach 5560,
D-7750 Konstanz / West Germany

Abstract. The syntheses of 6-(4) and 7-p-chlorphenyl-1-(2,3,5-
tri-0-benzoyl-B-D-ribofuranosyl)-lumazine (6), was well as the debenzo-
ylation to the corresponding free nucleosides 5 and 7,were improved.
Thiation of 4 and 6 by P4Sq1g led in excellent yields to 4-thiolumazine
nucleosides (8,10} which could be deblocked to 9 and 11 and converted
on treatment with ammonia into the isopterin-N-T- ribofuranosides 13
and 14. 2,2'-Anhydro-nucleoside formation worked well with 5 and 7 res-
pectively to give 15 and 16, which formed on acid hydrolysis the &- and
7-substituted 1-B-D-arabinofuranosyl-lumazines 18 and 19. The new nuc-
leosides have been characterized by UV and 'H-NMR spectra.

The AIDS problem and recently intensified antiviral re-
search has acted as a stimulus to revive pteridine nucleoside
chemistry, which has so far had little success as far as bio-
logical activity of this group of compounds is concerned.

The fact that lumazine N-1 nuc]eosidesz'5

show a pronounced
structural relationship to uridine, thymidine, and their syn-
thetic analogs, such as the antivirally active 5-iodo-6, 5-
trif]uoromethy1-7, and E-S-(Z-bromoviny])—2'-deoxyuridine8
as well as the 1-B-D-arabinofuranosy1thymineg, suggests that
there is still the possibility that a new pattern of substi-

tuting on the pteridine nucleus will generate some bioactiv-
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2,10 4ts 6,7-dimethy1-2,

s 6—pheny1—5, and 7-pheny]l derivatives.5

ity. We have glycosylated lumazine
6,7-diphenyl 272>
The use of a phenylsubstituent is always pharmacologically
interesting, but its para-position may be further substitu-
ted to counteract enzymatic hydroxylation and deactivation,
Because 6- and 7-p-ch1oropheny1-‘l-B-D-ribofuranosy]lumazine5
are the only compounds known in this series to date, we de-
cided to extend this group of compounds.

SYNTHESES

OQur previous work5 applying the Hilbert-Johnson-Birko-

fer12

procedure for the ribosylation of trimethylsilylated
6- (1) and 7-p-chlorophenyllumazine (2) with 1-0-acetyl-2,3,-
5-tri-0-benzoyl-B-D-ribofuranose (3) was reinvestigated and
improved by trimethylsilyl trifluoromethylsulfonate cataly-
sis'3 and changing the solvent to 1,2-dichloroethane. 6-(4)
and 7-p-chlorophenyl-1-(2,3,5-tri-0-benzoyl-~B-D~ribofurano-
syl)-lumazine (6) could be isolated in improved 84 and 71 %
yield, respectively. It was also found that debenzoylation
of 4 and 6 under moderate basic conditions, using a catalytic
amount of potassium carbonate in MeOH at room temperature,
afforded the free nucleosides 5 and 7 in almost quantitative
yields of 96 % and 95 %, respectively.

The thiation of the protected lumazine nucleosides 4 and
6 proceeded smoothly with P4S10 in boiling dioxane and gave
excellent yields of the corresponding yellow-colored 4-thio-
derivatives 8 and 10. Their structures were assigned on the
basis of comparison of their UV spectra, with 1-methyl-6,7-

diphenyl-4—thio]umazine14

, and knowledge of the highly se-
14515 The 4-thio
function is very light-sensitive and is easily photooxidized
back to the starting lumazine derivative. Furthermore a high
chemical reactivity was noticed, which afforded side products

on debenzoylation under Zemplen's condition16

lective 04-thiation of the lumazine system.

using sodium
methoxide, but worked very well with catalytic amounts of
K2C03 in MeOH to form 7 and 9 in 90 % and 83 % yield respec-
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tively. Ammonolysis of 8 and 10 with conc. ammonia resulted
in a nucleophilic displacement of the sulfur and simultane-
ous removal of the benzoyl groups from the sugar moiety for-
ming the isopterin-N-1-8-D-ribofuranosides 13 and 14.

2,2'-Anhydro-nucleoside formation was investigated
using diphenyl carbonate in DMF at 160°C.4’17 Compounds 5
and 7 gave respectively 6- (15) and 7-p-chlorophenyl-2,2"'-
anhydro-1-8-D-arabinofuranosyllumazine (lg) in 62 % and 93 %
yield isolated as crystalline materials. Another 2,2'-anhydro
nucleoside (17) was obtained from 6-p-chlorophenyli-2-(2,3,5-
tri-0-mesyl-B-D-ribofuranosyl)-lumazine (12) on analogous
treatment with a catalytic amount of NaHCO3 in boiling DMF,
The hydrolysis of 15 and 16 to 6- (18) and 7-p-chlorophenyl-
1-B-D-arabinofuranosyllumazine (19) respectively was best
achieved in acetone by boiling with 0.1 N HZSO4.

PHYSICAL PROPERTIES

Structural assignments for the newly synthesized pteri-
dine nucleosides were based on UV and 1H-NMR spectral compa-
risons with known structural analogs. The determinations of
pKa values indicate that changes in the configuration of the
sugar moiety affect the acidity of the aglycone very little,
as expected. The 1-B-D-arabinofuranosides 18 and 19 are
therefore similar to the corresponding 1-B-D-ribofurano-
sides 5 and 7. Introduction of a thio function into the 4-
position, however, caused a dramatic bathochromic shift in
the long wavelength absorption band and increased the acidi-
ty of the molecules, close to one pK unit in the case of
compound 11 (Table 1). It is furthermore concluded from the
UV data that the 7-p-chlorophenyl substituent exhibits a
stronger mesomeric interaction with the nucleus than its
6-substituted counterpart, as expressed by the differences
in extinction. This observation may help to differentiate
between 6- and 7-phenyl-substituted pteridines.

Other fine structural features can be depicted from the

1H—NMR spectra (Table 2). The small coupling constants for
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1'-H in 8-11 is in agreement with the B-configuration of the
glycosidic bond and a high population of the N-type confor-
18 of the sugar moiety. The additional brdiging of the
sugar and aglycone in the 2,2'-anhydro-nucleosides causes a
high degree of conformational restriction as seen from the
distinct separation of the signals of the sugar protons.

mation

EXPERIMENTAL

UV Spectra were recorded on a Perkin Elmer spectropho-
tometer Lambda 5; !
WM-250 high resolution spectrometer with tetramethylsilane

as an internal standard and on a §-scale in ppm. The pKa
19

H-NMR spectra were measured with a Bruker

values were determined spectrophotometrically. Thin layer
chromatography was performed on silica-gel sheets F 1550 LS
254 of Schleicher & Schiill. Drying of the substances was
achieved in a vacuum desiccator or in a Biichi-TO 50 drying
oven under vacuum at room temp. Melting points are not cor-

rected.

6-(p-Chlorophenyl)-1-(2,3,5-tri-0-benzoyl-g-D-ribofura-
nosyl) lumazine (_01).b Improved synthesis. A mixture of 6-

(p-chlorphenyl)-lumazine (5.0 g, 18.2 mmol) and dry hexa-
methyldisilazane (100 ml1) was heated under reflux for 20 h
with a catalytic amount of ammonium sulphate. After cooling,
the solution was evaporated to dryness under anhydrous con-
dition to give the silylated derivative 1, which was dis-
solved in 60 ml of dry dichloroethane. To this was added a
solution of 1-0-acetyl-2,3,5-tri-0O-benzoyl1-B-D-ribofuranose
(3) (9.17 g, 18.2 mmol) dissolved in dry dichloroethane (30
ml) and then the mixture treated with trimethylsilyl triflu-
oromethanesulfonate (2.34 ml, 18.2 mmol) as catalyst. After
stirring for 3 h at room temperature, the solution was eva-
porated and the residue was partitioned between CHC]3 and
aqueous sodium bicarbonate. The organic layer was dried (Naz—



08:24 27 January 2011

Downl oaded At:

1492 AL-MASOUDI AND PFLEIDERER

504), filtered and evaporated to give a crude product (15.0g).
Recrystallization from chloroform gave compound 4 (11.0 g,
84 %, m.p. 229-230°C, lit.s, 66 % yield, m.p. 230-231°).

6-(p-Chlorophenyl)-1-8-D-ribofuranosyllumazine (g).5

Compound 4 (1.98 g, 2.75 mmol) was stirred in abs. MeOH

(150 m1) and potassium carbonate (0.72 g) for 20 h at room
temperature. Evaporation of solvent under vacuum gave a co-
lorless solid, which was dissolved in hot water and neutra-
lized with 2N AcOH to pH 5. The precipitate was filtered off
and afforded on recrystallization from MeOH compound 5 as
colorless crystals (1.08 g, 96 %), m.p. 278°C (decomp.),
1it.5, m.p. 280°C.

7-(p-Chlorophenyl)-1-(2,3,5-tri-0O-benzoyl-8-D-ribofura-
nosyl)-lumazine (_6_).5 Improved Synthesis. A mixture of 7-

{(p-chlorophenyl)-lumazine (10 g, 3.64 mmol) and a trace
amount of ammonium sulfate was heated in anhydrous hexamethyl-
disilazane (300 m1) under reflux for 18 h. After cooling, the
solution was evaporated under anhydrous condition to dryness
to give the silylated lTumazine 2. To a solution of this resi-
due in anhydrous dichloroethane (200 ml) was added a solution
of 1-0-acetyl-2,3,5-tri-0-benzoyl-B8-D-ribofuranose (2)(18.36
g, 3.64 mmol) in anhydrous dichloroethane (50 ml) followed

by dropwise addition of the catalyst trimethylsilyl triflu-
oromethanesulfonate (6.55 ml, 3.64 mmol). After stirring for
3 h at room temperature, chloroform (200 m1) was added and
the mixture partitioned with a cold solution of sodium bicar-
bonate. The organic extract was dried (Na2504), filtered and
evaporated to a solid residue (30 g). Recrystallization from
CHC13/MeOH gave the pure colorless nucleoside 6 {18.5 g,

7t %, m.p. 246-248°C, 1it.5, 61 % yield, m.p. 246-247°C).

7-(p-Chlorophenyl)-1-B-D-ribofuranosyllumazine (7). A
solution of 6 (7.5 g, 10.4 mmol) in abs. MeOH (150 ml1) and
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potassium carbonate (2.74 g) was stirred for 20 h at room
temperature. MeOH was evaporated and the solid was dissolved
in boiling H20, followed by neutralization with 2N AcOH to
pH 5 to yield a colorless precipitate. Recrystallization
from hot MeOH gave compound 7 (4.2 g, 95 %, m.p. 257°C dec.,
19t.%, 88 % yield, m.p. 260°C dec.).

6-(p-Chlorophenyl)-1-(2,3,5-tri-0-benzoyl-B-D-ribofura-
nosyl)-4-thiolumazine (8). A mixture of 6-(p-chlorophenyl)-

1-(2,3,5-tri-0-benzoyl-B-D-ribofuranosyl)-lumazine (4) (8.0
g, 11.0 mmol) and diphosphorous pentasulfide (8.9 g, 20 mmol)
was boiled in abs. dioxane (200 ml) under reflux for 1.5 h.
The suspension was cooled, filtered and the orange filtrate
was evaporated to dryness. The residue was partitioned bet-
ween brine solution and CHC13, the organic layer was dried
(Na2504), filtered and evaporated to a yellow amorphous so-
1id. Recrystallization from CHC13/Me0H gave 8 as a yellow
solid (7.85 g, 96 %, m.p. 252-253°C).

Anal. calc. for C38H27C1N4085 (735.2): ¢C, 62.08;
H, 3.70; N, 7.62. Found: C, 62.06; H, 3.73; N, 7.51.

6-(p-Chlorophenyl)-1-B-D-ribofuranosyl-4-thiolumazine
(9). (a) Compound 8 (2.0 g, 2.7 mmol) was added to a metha-
nolic sodium methoxide solution (7.5 mg of Na in 200 ml of

abs. MeOH) and then stirred for 20 h at room temperature.
Water (35 ml) was added and then the solution was extracted
with ether. Acidification of the aqueous layer with 2N AcOH
to pH 5 afforded a yellow precipitate. Recrystallization from
DMF/H20 gave a yellow solid (0.95 g, 83 %, m.p. 265°C dec.).

Anal. calc. for C17H15C]N4055 (422.8): C, 48.29;
H, 3.57; N, 13.25. Found: C, 48.32; H, 3.46; N, 13.25.

(b) A mixture of 8 (1.0 g, 1.36 mmol) and potassium
carbonate (0.36 g) in dry MeOH (100 ml) was stirred at room
temperature for 24 h. The solvent was evaporated and the re-
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sidue was dissolved in hot HZO’ followed by acidification of
the solution with 2N AcOH to pH 5 to give a yellow precipi-
tate (0.52 g, 90 %, m.p. 265°C), which had the same analyti-
cal data as the preceding sdmp]e.

7-{p-Chlorophenyl)-1-(2,3,5-tri-0-benzoyl-p-D-ribofura-
nosyl)-4-thiolumazine (10). A suspension of 7-(p-chlorophe-

nyl)-1-(2,3,5-tri-0-benzoyl-B-D-ribofuranosyl)-lumazine (6)
(7.0 g, 9.7 mmol) and diphosphorous pentasulfide (7.8 g,
17.5 mmol) in dry dioxane (250 ml) was refluxed for 2 h,
After cooling, the suspension was filtered, and the filtrate
was evaporated to dryness. The residue was partitioned bet-
ween CHC13 and brine solution. The organic extract was dried
(Na2504), filtered and evaporated to dryness to give a crude
yellow material. Recrystallization from CHC13/MeOH gave 10
as yellow crystals (6.56 g, 93 %, m.p. 260-262°C).

Anal. calc. for C38H27C]N408$ (737.2): C, 62.08;
H, 3.70; N, 7.62. Found: C, 61.98; H, 3.78; N, 7.62.

7-(p-Chlorophenyl)-1-B-D-ribofuranosyl)-4-thioluma-

zine (11). Compound 10 (1.0 g, 1.36 mmol) was stirred at
room temperature in a solution of dry MeOH (150 ml) and po-
tassium carbonate (0.36 g) for 10 h., The solution was eva-
porated to dryness, the residue dissolved in hot H20 and
then acidified with 2N AcOH to pH 5 to yield a yellow pre-
cipitate of 11 (0.5 g, 83 %, m.p. 250°C dec.):

Anal. calc. for C17H1SCIN4OSS (422.8): C, 48.29;

H, 3.57; N, 13.25. Found: C, 48.19; H, 3.60; N, 13.13.

6-(p-Chlorophenyl)-1-(2,3,5-tri-0-methanesulfonyl-B-D-
ribofuranosyl)-lumazine (12). A mixture of 5 (1.8 g, 4.43
mmol) and methanesulfonyl chloride (2.03 g, 17 mmol. 1.39
ml) in dry pyridine (50 ml) was stirred for 10 h at room
temperature. CHC13 (100 m1) was added, then washed with 5 %
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sulfuric acid, a diluted solution of sodium bicarbonate, and
finally with H20. The organic extract was dried (Na2504),
filtered and evaporated to a pale yellowish crystalline pro-
duct, which afforded on recrystallization from EtOH compound
12 as colorless crystals (2.2 g, 78 %, m.p. 183-186°C).

Anal., calc. for C20H21C1N401253 (640.1): C, 37.53;
H, 3.31; N, 8.75. Found: C, 37.59; H, 3.09, N, 8.75.

4-Amino-6-{p-chlorophenyl)-1-B-D-ribofuranosyl-2-oxo0-
dihydropteridine (13). A mixture of compound 8 (2.25 g,
3.06 mmol) in 25 % methanolic ammonia (100 ml) was stirred
at 80° in a pressure bottle for 20 h, The solution was fil-

tered and the yellowish crude product was recrystallized
from a mixture of DMF/MeOH 1:5 to give the nucleoside 13
as a yellow powder (0.79 g, 66 %, m.p. 256°C dec.).

Anal. calc. for C17H16C1N505 (405.8): C, 50.32;
H, 3.97; N, 17.25. Found: C, 50.01; H, 3.90; N, 17.01.

4-Amino-7-(p-chlorophenyl)-1-B-D-ribofuranosyl-2-oxo-
dihydropteridine (14). The preceding procedure used for
ammonolysis of 10 (1.5 g, 20.4 mmol) was to afford a pale
yellow crystalline product (0.46 g, 56 %, m.p. 220°C dec.).

Anal. calc. for C17H1601N505 (405.8): €, 50.32;
H, 3.79; N, 17.25. Found: C, 50.18; H, 3.81; N, 17.35.

2,2'-Anhydro-6-(p-chlorophenyl)-1-p-D-arabinofuranosyl-
lumazine (15). Compound 5 (0.34 g, 0.83 mmol) was dissolved
in dry DMF (25 ml1), then diphenyl carbonate (0.22 g, tmmol)
and NaHCO, (7 mg) were added and the reaction mixture heated
to 155-160° for 45 min. It was evaporated to dryness, the
brownish residue boiled with ether for 30 min. and the solid
collected by filtration. Recrystallization from MeOH gave

the anhydro nucleoside 15 as a colorless solid (0.2 g,
62.5 %, m.p. 268-270°C dec.).
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Anal. calc. for C17H13C1N405 (388.8): C, 52.52;
H, 3.37; N, 14.41, Found: C, 52.37; H, 3.40; N, 14.28.

2,2'-Anhydro-7-(p-chlorophenyl)-1-8-D-arabinofuranosyl-
lumazine (16). A mixture of 7-(p-chlorophenyl)-1-B-D-ribo-
furanosyllumazine (7) (3.0 g, 7.06 mmol), diphenyl carbonate
(1.89 g, 8.8 mmol) and dry DMF (32 ml) containing a cataly-
tic amount of NaHCO3 (20 mg) was heated to 155-160°C for 30
min. After cooling, the brown solution was treated with
ether (100 ml) to form a crude precipitate. Recrystalliza-
tion from MeOH gave the anhydro derivative 16 as a pale yel-
low crystalline powder (2.35 g, 93 %, m.p. 280-281°C).

Anal. calc. for C17H1301N405 (388.8): €, 52.52;
H, 3.37; N, 14.41. Found: C, 52.14; H, 3.47; N, 14.29,

2,2'-Anhydro-6-(p-chlorophenyl)-1-(3,5-di-0-methane-
sulfonyl-B-D-ribofuranosyl)-lumazine (17). a) A mixture of
12 (0.2 g, 3.56 mmol) and NaHCO, (50 mg) in dry DMF (10 ml)
was heated under reflux for 30 min. The solution was evapo-
rated under vacuum to dryness and the residue was recrystal-
lized from MeOH to afford colorless crystals of 17 (0.12 g,
63 %, m.p. 251-252°C).

Anal. calc. for C19H”C1N40952 (544.2): C, 41.93;
H, 3.04; N, 10.28. Found: C, 42.02; H, 3.09; N, 9.95.

b) The anhydro nucleoside 15 (0.1 g, 0.26 mmol) was
dissolved in dry pyridine (10 ml), then methanesulfonyl
chloride (3 ml) was added at 0°C and the mixture left at
room temperature for 20 h. Several drops of H20 were added,
followed by CHC13. The solution was partitioned with 5 %
sulfuric acid, 5 % sodium bicarbonate and finally with H20.
The organic extract was dried (Na2504), filtered and evapo-
rated to dryness. The pale yellow compound was recrystallized
from MeOH to give colorless crystals of 17 (0.13 g, 93 %,
m.p. 251°C). The product was chromatographically and spectro-
photometrically identical with an authentic sample.
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6-(p-Chlorophenyl)-1-B-D-arabinofuranosyllumazine (18).
Compound 15 (0.15 g, 0.38 mmol) was boiled with a mixture of
acetone/0.1 N sulfuric acid 1:1 (20 ml1) for 3.5 h. The solu-
tion was evaporated to dryness and the crude product was re-
crystallized from 50 % aqueous MeOH to give compound 18 as
colorless crystals (0.13 g, 83 %, m.p. 260°C dec.).

Anal. calc. for C17H15C1N406 . 1/2 H20 {415.6):
C, 49.11; H, 3.88; N, 13.48. Found: C, 49.15; H, 3.77;
N, 13.719.

7-(p-Chlorophenyl)-1-p-D-arabinofuranosyllumazine (19).
The anhydro compound 16 (0.43 g, 1.1 mmol) was heated under
reflux with a 1:1 mixture of acetone/0.1 N sulfuric acid
(50 m1) for 4 h. Acetone was evaporated and the residue was
kept at 0°C overnight. The precipitate was collected by fil-
tration and recrystallized from 50 % aqueous MeOH (40 ml)
to afford the arabino nucleoside 19 as colorless crystals
(0.32 g , 68 %, m.p. 214-216°C).

Anal. calc. for C17H13C1N405 . H,0 (424.8): C, 48.07;
H, 4.03; N, 13.19. Found: C, 48.27; H, 3.86; N, 13.19.
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