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ABSTRACT

Convenient synthesis of uridine derivatives containing amino acid
residues were carried out successfully by reacting triazolated uridine
with the hydrochloride salts of some amino acid esters, which
provides a general method for the direct introduction of amino
acid group onto nucleoside residue.
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INTRODUCTION

Nucleosides which contain substituents on the heterocyclic base
other than the natural oxo and amino functionalities are proved to be
important compounds for medicinal chemistry and biological studies.!")
Among modified nucleoside derivatives those containing amino acid
residues are expected to exhibit promising antimicrobial activities.*”

Divake and Reesel* developed a method utilizing the transformation
of a pyrimidine 4-oxo functionality into 1,2,4-triazolo group by treatment
of uracil nucleoside derivative with phosphoryl chloride and 1,2,4-
triazole, which enables us to prepare some uridine derivatives containing
amino acid residue by nucleophilic substitution of the triazolo inter-
mediates.

4-(1,2,4-triazol-1-yl)-1-(B-D-2,3,5-tri- O-acetylribofuranosyl)-
pyrimidine-2(1H)-one (3) could be conveniently obtained by treatment of
2’3’ 5'-tri-O-acetyluridine (1) with the readily accessible tri(1-H-1,2,4-tri-
azol-1-yl)phosphine oxide!” (prepared in situ by treating phosphoryl
chloride with at least 3 mol equiv. each of 1,2,4-triazole and triethyl-
amine) in acetonitrile solution.

On treatment of 3 with different aliphatic amino acid esters in aceto-
nitrile solution could we successfully prepare the desired products 5-14.

Our work may serve as the first step towards the understanding of the
function of amino acid modifications of nucleosides and towards the
synthesis of hypermodified nucleosides similar to those naturally present
in trna’s sequences.

EXPERIMENTAL

Melting points were determined with an X-4 apparatus and
were uncorrected. The 'HNMR spectra were measured with a
BRUKER AC-200 spectrometer using tetramethylsilane as internal
standard. The mass spectra were recorded on a VG ZAB-HS spectrom-
eter. A YANACO CHN corder MT-3 apparatus was used for elemental
analysis.

All chemicals were analytically pure. Acetonitrile, triethylamine, and
pyridine were dried by heating, under reflux with calcium hydride for
3-5h; the solvents were then distilled at atmospheric pressure.
Acetonitrile and pyridine were stored over molecular sieves 4A.
Phosphoryl chloride was freshly vacuum distilled before use.

4-(1,2,4-Triazol-1-yl)-1-(B-p-2,3,5-tri-O-acetylribofuranosyl) pyrimidine-
2(1H)-one (3). Phosphoryl chloride (0.485mL, 5.2 mmol) was added to a
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Table 1. Synthesis of uridine derivatives.

Yield
Product -R -R M.p. °C) (%)
3 OCCHj; n/a 184-187 74.8
4 OCC(Hs nja 190-193  51.4
5 OCCHj; CH,COOEt 173-175 62.0
6 OCCHj; CH,COO¢Bu 161-163 68.6
7 OCCH; CH,CONHCH,COOEt 158-160 54.7
8 OCCHj; CH,CH,COOEt 169-170 72.0
9 OCCH;  (CH,),CH(NH,)COOEt 137-139 423
10 OCC¢Hs CH,COOEt 184-186 56.9
11 OCC¢Hs CH,COO¢Bu 172-174 68.2
12 OCC¢Hs CH,CONHCH,COOEt 165-168 49.7
13 OCC¢Hs CH,CH,COOEt 185-187 69.5
14 OCC¢Hs (CH,)4CH(NH,)COOEt 146-149 40.8

stirred, cold (ice-water bath) suspension of 1,2,4-triazole (1.678 g, 24.3 mmol)
in acetonitrile (14mL). After five minutes, triethylamine (3.24mL,
23.2 mmol) was added dropwise during a period of 30 min. To the resulting
mixture was added a solution of 2/,3',5-tri-O-acetyluridine!®” (1)
(1.0 g, 2.7mmol) in acetonitrile (8.5mL) and the reaction mixture was
stirred at ambient temperature for 90 min. The solvent was then eva-
porated under reduced pressure and the residue was partitioned between
chloroform (13 mL) and saturated aqueous sodium hydrogen carbonate
(10mL). The aqueous layer was extracted with chloroform (2 x 7.5mL)
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and the combined organic layers were dried (Na,SO,) and evaporated and
the residue was crystallized from ethanol to give 3 as colorless prisms.
Yield 0.850 g (74.8%), m.p. 184-187°C. '"HNMR (DMSO-ds, 200 MHz)
§2.05-2.12 (9H, m,~COCH,;), 4.15-4.25 (3H, m, H4', H5', H5), 5.35 (1H,
m, H3'), 5.46 (1H, m, H2"), 5.80 (1H, d, J 4.5Hz, H1'), 5.93 (1H, d, J
7.5Hz, HS), 7.66 (1H, d, J 7.5 Hz, H6), 9.42 (2H, s, H-triazolyl).
4-(1,2,4-Triazol-1-yl)-1-(B-p-2,3,5-tri- O-benzoylribofuranosyl)pyrimi-
dine-2(1H)-one (4). Compound 4 was prepared from 2'.3',5-tri-O-
benzoyluridine (2)® in the similar manner as colorless prisms. m.p.
190-193°C. '"HNMR (DMSO-d,, 200 MHz) § 4.23-4.36 (3H, m, H4/,
H5', H5'), 5.41 (1H, m, H3'), 5.53 (1H, m, H2'), 5.92 (1H, d, J 4.5Hz,
H1), 6.11 (1H, d, J 7.5 Hz, H5), 7.33-8.08 (16H, m, ArH, H6), 9.50 (2H,
s, H-triazolyl).
4-Ethoxycarbonylmethylamino-1-(f-p-2,3,5-tri-O-acetylribofuranosyl)-
pyrimidine-2(1H)-one (5). A mixture of 4-(1,2,4-triazol-1-yl)-1-($-D-2,3,5-
tri-O-acetylribofuranosyl) pyrimidine-2(1H)-one (3) (200 mg, 0.48 mmol),
glycine ethyl ester hydrochloride (120mg, 0.84 mmol), tricthylamine
(0.132mL, 0.96 mmol), and acetonitrile (3.0 mL) was stirred at ambient
temperature. After the completion of the reaction (monitored by TLC),
the reaction mixture was concentrated under reduced pressure. The
resulting syrup was dissolved in chloroform and after preparative TLC
on silica gel, the desired product 5 was obtained as colorless needles.
Yield 134 mg (62.0%), m.p. 173-175°C. '"HNMR (DMSO-ds, 200 MHz)
8 1.16-1.23 (3H, t, J 7.4Hz, -CH,CHj;), 2.03-2.06 (9H, m, -COCH,;),
4.05 (2H, s, -CH,CO-), 4.08-4.12 (2H, m, -CH,CH3), 4.15-4.22 (3H, m,
H4', H5', HS'), 5.30 (1H, m, H3'), 5.38 (1H, m, H2'), 5.84 (1H, d, J 4.6 Hz,
H1),5.92 (1H, d, J 7.4 Hz, HS), 7.64 (1H, d, J 7.5 Hz, H6). MS (EI): m/z
455.1 (M™). Anal. caled. for C9H,5N30,0 (455.1): C, 50.11; H, 5.53; N,
9.23. Found: C, 49.94; H, 5.59; N, 9.34.
4-tert-Butoxycarbonylmethylamino-1-(p-p-2,3,5-tri-O-acetylribofura-
nosyl)pyrimidine-2(1H)-one (6). Compound 6 was prepared from 3 and
glycine tert-butyl ester hydrochloride in the similar manner as colorless
needles. m.p. 161-163°C. "HNMR (DMSO-d,, 200 MHz) § 1.40 (9H, s,
—C(CHs3)3), 2.07-2.12 (9H, m, —-COCH;), 3.94 (2H, s, -CH,CO-),
4.20-4.32 (3H, m, H4', H5, HY'), 5.32 (1H, m, H3'), 5.40 (1H, m, H2),
5.85 (1H, d, J 4.4Hz, H1), 594 (1H, d, J 6.9Hz, HS), 7.63 (1H, d, J
6.9 Hz, H6). Anal. calcd. for C>1H>9N301q (483.2): C, 52.17; H, 6.05; N,
8.69. Found: C, 52.40; H, 5.89; N, 8.78.
4-(Ethoxycarbonylmethylamino)carbonylmethylamino-1-(§-p-2,3,5-tri-
O-acetylribofuranosyl) pyrimidine-2(1H)-one (7). Compound 7 was pre-
pared from 3 and glycyl glycine ethyl ester hydrochloride in the similar
manner as colorless needles. m.p. 158-160°C. 'THNMR (DMSO-dq,
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200MHz) § 1.18-1.25 (3H, t, J 7.1 Hz, -CHCHj;), 2.03-2.10 (9H, m,
-COCH,;), 3.83 (2H, s, -CH,CONH-), 3.96 (2H, s, -CH,COO-),
4.01-4.10 (2H, m, -CH,CHj;), 4.15-4.28 (3H, m, H4', H5, HY), 5.31
(1H, m, H3"), 5.39 (1H, m, H2"), 5.84 (1H, d, J 43Hz, HI1'), 5.92 (1H,
d, J7.3Hz, HS), 7.61 (1H, d, J 7.4 Hz, H6). Anal. calcd. for C;;H,3N4O1;
(512.2): C, 49.22; H, 5.51; N, 10.93. Found: C, 49.50; H, 5.44; N, 10.79.

4-Ethoxycarbonylethylamino-1-(p-p-2,3,5-tri- O-acetylribofuranosyl)-
pyrimidine-2(1H)-one (8). Compound 8 was prepared from 3 and
B-alanine ethyl ester hydrochloride in the similar manner as colorless
needles. m.p. 169—170°C. "H NMR (CDCls, 200 MHz) § 1.18-1.25 (3H, t,
J 7.2Hz, -CH,CH;), 2.05-2.10 (9H, m, -COCH,), 2.57-2.65 (2H, m,
~CH,CH,CO-), 3.67-3.77 (2H, m, -CH,CH,CO-), 4.08-4.17 (2H, m,
—~CH,CHj3), 4.21-4.35 (3H, m, H4', H5, HY), 5.27-5.36 (2H, m, H2'
H3'), 5.70 (1H, d, J 7.1 Hz, H5), 6.12 (1H, d, J 4.4 Hz, H1'), 7.35 (1H, d,
J 7.2Hz, H6). MS (EI): m/z 469.2 (M™). Anal. calcd. for C,,H»7N30,
(469.2): C, 51.17; H, 5.80; N, 8.95. Found: C, 51.37; H, 5.61; N, 8.74.

4-[((18)-1-amino-1-ethoxycarbonyl)pentylJamino-1-(f-p-2,3,5-tri-
O-acetylribofuranosyl)pyrimidine-2(1H)-one (9). Compound 9 was pre-
pared from 3 and r-lysine ethyl ester dihydrochloride in the similar
manner as colorless needles. m.p. 137-139°C. 'HNMR (CDCls,
200MHz) § 1.24-1.31 (3H, t, J 7.2Hz, -CH,CH,), 1.35-1.51 (2H, m,
~-NHCH,CH,CH,CH,_), 1.57-1.72 (2H, m, -NHCH,CH,CH,CH,_),
1.81-1.91 (2H, m, -NHCH,CH,CH,CH, ), 2.03-2.09 (H, m,
~COCH,;), 3.35-3.45 (2H, m, -NHCH,CH,CH,CH,_), 4.00-4.08 (1H,
m, -CHCO-), 4.154.26 (2H, m, -CH,CH3), 4.654.77 (2H, m, HY,
H5'), 4.84-4.92(1H, m, H4'), 5.65 (1H, d, J 7.2Hz, H5), 5.73 (1H, m,
H3"), 5.86 (IH, m, H2"), 6.47 (1H, m, J 4.6Hz, H1"), 7.37 (1H, d,
J 7.2Hz, H6). Anal. caled. for Co3H34N4Oqg (526.2): C, 52.46; H, 6.51;
N, 10.64. Found: C, 52.75; H, 6.26; N, 10.38.

4-Ethoxycarbonylmethylamino-1-(p-p-2,3,5-tri- O-benzoylribofurano-
syl)pyrimidine-2(1H)-one (10). Compound 10 was prepared from 4 and
glycine ethyl ester hydrochloride in the similar manner as colorless nee-
dles. m.p. 184-186°C. "THNMR (CDCl;, 200 MHz) § 1.20-1.27 (3H, t,
J7.2Hz, -CH,CH,;), 4.12-4.24 (4H, m, -CH,CO-, -CH,CH3;), 4.73-4.81
(3H, m, H4', H5, HY), 5.69-5.86 (3H, m, H3' H2' H5), 6.31 (1H, d,
J 4.7Hz, H1'), 7.30-8.07 (16H, m, ArH, H6). MS (EI): m/z 641.2
(M™). Anal. calcd. for C54H3 N300 (641.2): C, 63.65; H, 4.87; N, 6.55.
Found: C, 63.27; H, 5.02; N, 6.68.

4 - tert-Butoxycarbonylmethylamino-1-(p-p-2,3,5-tri- O-benzoylribo-
furanosyl)pyrimidine-2(1H)-one (11). Compound 11 was prepared from
4 and glycine tert-butyl ester hydrochloride in the similar manner as
colorless needles. m.p. 172-174°C. '"HNMR (CDCI, 200 MHz) § 1.45
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(9H, s, ~C(CH3)3), 3.98 (2H, s, -CH,CO-), 4.62-4.83 (3H, m, H4', HY,
H5'), 5.72-5.85 (3H, m, H3' H2' H5), 6.37 (1H, d, J 4.5 Hz), 7.35-8.08
(16H, m, AFH, H6) Anal. calcd. for C36H35N3010 (6692) C, 6457, H,
5.27; N, 6.27. Found: C, 64.83; H, 5.09; N, 6.06.

4-(Ethoxycarbonylmethylamino)carbonylmethylamino-1-(p-p-2,3,5-tri-
O-benzoylribofuranosyl)pyrimidine-2(1H)-one (12). Compound 12 was
prepared from 4 and glycyl glycine ethyl ester hydrochloride in the similar
manner as colorless needles. m.p. 165-168°C. "H NMR (CDCls, 200 MHz)
5 1.16-1.23 (3H, t, J 7.2Hz, —-CH,CH;), 3.95 (2H, s, -CH,CONH-),
4.02-4.14 (2H, m, -CH,CH3), 4.35 (2H, s, -CH,COO-), 4.66-4.78 (3H,
m, H4', H5', HY'), 5.81-5.94 (2H, m, H2' H3'), 6.22-6.37 (2H, m, H1’, HS),
7.30-8.04 (16H, m, ArH, H6). Anal. calcd. for C34H34N401; (698.2): C,
61.89; H, 4.90; N, 8.02. Found: C, 61.51; H, 5.07; N, 8.23.

4-Ethoxycarbonylethylamino-1-(f-p-2,3,5-tri-O-benzoylribofuranosyl)-
pyrimidine-2(1H)-one (13). Compound 13 was prepared from 4 and
B-alanine ethyl ester hydrochloride in the similar manner as colorless
needles. m.p. 185-187°C. '"HNMR (CDCl;, 200 MHz) § 1.18-1.25 (3H,
t, J 7.0 Hz, -CHCH,), 2.56-2.63 (2H, m, -CH,CH,CO-), 3.68-3.76 (2H,
m, -CH,CH,CO-), 4.06-4.15 (2H, m, -CH,CH3), 4.60-4.77 (3H, m, H4',
H5', HY), 5.51 (1H, d, J 7.3Hz, HS), 5.69 (1H, m, H3'), 5.87 (1H, m,
H2), 6.45 (1H, d, J 4.5Hz, H1'), 7.29-8.08 (16H, m, ArH, H6). Anal.
caled. for C35H33N3049 (655.2): C, 64.12; H, 5.07; N, 6.41. Found: C,
63.89; H, 5.30; N, 6.22.

4-[((15)-1-amino-1-ethoxycarbonyl)pentyl Jamino-1-(f-n-2,3,5-tri-O-
benzoylribofuranosyl)pyrimidine-2(1H)-one (14). Compound 14 was pre-
pared from 4 and L-lysine ethyl ester dihydrochloride in the similar
manner as colorless needles. m.p. 146-149°C. 'HNMR (CDCls,
200MHz) § 1.22-1.29 (3H, t, J 7.1 Hz, -CH,CH,), 1.39-1.56 (2H, m,
~-NHCH,CH,CH,CH,-), 1.60-1.73 (2H, m, -NHCH,CH,CH,CH,-),
1.86-1.97 (2H, m, -NHCH,CH,CH,CH,-), 3.38-3.45 (2H, m,
~-NHCH,CH,CH,CH,—), 4.02-4.08 (1H, m, -CHCO-), 4.20-4.29 (2H,
m, -CH,), 4.67-4.73 (2H, m, H5', H5'), 4.83-4.88 (1H, m, H4'), 5.67 (1H,
d, J 7.2Hz, H5), 5.78 (1H, m, H3'), 5.87 (1H, m, H2'), 6.44 (1H, m,
J 4.6Hz, HI'), 7.33-8.17 (16H, m, ArH, H6). Anal. calcd. for
CisHyoN4Op (712.2): C, 64.04; H, 5.66; N, 7.86. Found: C, 64.36; H,
5.80; N, 7.62.
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