
This article was downloaded by: [Stony Brook University]
On: 15 October 2014, At: 16:01
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Synthetic Communications: An International Journal
for Rapid Communication of Synthetic Organic
Chemistry
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

Synthesis of Uridine Derivatives Containing Amino Acid
Residues
Yu Gao a , Peng Zhang a , Ling Wu a , Teruo Matsuura a & Jiben Meng a
a Department of Chemistry , Nankai University , Tianjin, P.R. China
Published online: 17 Aug 2006.

To cite this article: Yu Gao , Peng Zhang , Ling Wu , Teruo Matsuura & Jiben Meng (2003) Synthesis of Uridine Derivatives
Containing Amino Acid Residues, Synthetic Communications: An International Journal for Rapid Communication of Synthetic
Organic Chemistry, 33:15, 2635-2641, DOI: 10.1081/SCC-120021984

To link to this article:  http://dx.doi.org/10.1081/SCC-120021984

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained
in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and
should be independently verified with primary sources of information. Taylor and Francis shall not be liable for
any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the use of
the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1081/SCC-120021984
http://dx.doi.org/10.1081/SCC-120021984
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

SYNTHETIC COMMUNICATIONS�

Vol. 33, No. 15, pp. 2635–2641, 2003

Synthesis of Uridine Derivatives Containing

Amino Acid Residues

Yu Gao, Peng Zhang, Ling Wu, Teruo Matsuura,
#

and Jiben Meng*

Department of Chemistry, Nankai University,

Tianjin, P.R. China

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.[1]

Among modified nucleoside derivatives those containing amino acid
residues are expected to exhibit promising antimicrobial activities.[2,3]

Divake and Reese[4] 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
20,30,50-tri-O-acetyluridine (1) with the readily accessible tri(1-H-1,2,4-tri-
azol-1-yl)phosphine oxide[5] (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 1H NMR 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
3–5 h; 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-D-2,3,5-tri-O-acetylribofuranosyl) pyrimidine-

2(1H)-one (3). Phosphoryl chloride (0.485 mL, 5.2 mmol) was added to a
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stirred, cold (ice-water bath) suspension of 1,2,4-triazole (1.678 g, 24.3mmol)
in acetonitrile (14 mL). After five minutes, triethylamine (3.24 mL,
23.2 mmol) was added dropwise during a period of 30 min. To the resulting
mixture was added a solution of 20,30,50-tri-O-acetyluridine[6,7] (1)
(1.0 g, 2.7 mmol) in acetonitrile (8.5 mL) 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
(10 mL). The aqueous layer was extracted with chloroform (2� 7.5 mL)

Table 1. Synthesis of uridine derivatives.

Product -R -R0 M.p. (�C)

Yield

(%)

3 OCCH3 n/a 184–187 74.8

4 OCC6H5 n/a 190–193 51.4

5 OCCH3 CH2COOEt 173–175 62.0

6 OCCH3 CH2COOtBu 161–163 68.6

7 OCCH3 CH2CONHCH2COOEt 158–160 54.7

8 OCCH3 CH2CH2COOEt 169–170 72.0

9 OCCH3 (CH2)4CH(NH2)COOEt 137–139 42.3

10 OCC6H5 CH2COOEt 184–186 56.9

11 OCC6H5 CH2COOtBu 172–174 68.2

12 OCC6H5 CH2CONHCH2COOEt 165–168 49.7

13 OCC6H5 CH2CH2COOEt 185–187 69.5

14 OCC6H5 (CH2)4CH(NH2)COOEt 146–149 40.8

Scheme 1.

Uridine Derivatives and Amino Acid Residues 2637
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and the combined organic layers were dried (Na2SO4) 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. 1H NMR (DMSO-d6, 200 MHz)
� 2.05–2.12 (9H, m, –COCH3), 4.15–4.25 (3H, m, H40, H50, H50), 5.35 (1H,
m, H30), 5.46 (1H, m, H20), 5.80 (1H, d, J 4.5 Hz, H10), 5.93 (1H, d, J
7.5 Hz, H5), 7.66 (1H, d, J 7.5 Hz, H6), 9.42 (2H, s, H-triazolyl).
4-(1,2,4-Triazol-1-yl)-1-(b-D-2,3,5-tri-O-benzoylribofuranosyl)pyrimi-

dine-2(1H)-one (4). Compound 4 was prepared from 20,30,50-tri-O-
benzoyluridine (2)[8] in the similar manner as colorless prisms. m.p.
190–193�C. 1H NMR (DMSO-d6, 200 MHz) � 4.23–4.36 (3H, m, H40,
H50, H50), 5.41 (1H, m, H30), 5.53 (1H, m, H20), 5.92 (1H, d, J 4.5 Hz,
H10), 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-(b-D-2,3,5-tri-O-acetylribofuranosyl)-

pyrimidine-2(1H)-one (5). A mixture of 4-(1,2,4-triazol-1-yl)-1-(b-D-2,3,5-
tri-O-acetylribofuranosyl) pyrimidine-2(1H)-one (3) (200 mg, 0.48 mmol),
glycine ethyl ester hydrochloride (120 mg, 0.84 mmol), triethylamine
(0.132 mL, 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. 1H NMR (DMSO-d6, 200 MHz)
� 1.16–1.23 (3H, t, J 7.4 Hz, –CH2CH3), 2.03–2.06 (9H, m, –COCH3),
4.05 (2H, s, –CH2CO–), 4.08–4.12 (2H, m, –CH2CH3), 4.15–4.22 (3H, m,
H40, H50, H50), 5.30 (1H, m, H30), 5.38 (1H, m, H20), 5.84 (1H, d, J 4.6 Hz,
H10), 5.92 (1H, d, J 7.4 Hz, H5), 7.64 (1H, d, J 7.5 Hz, H6). MS (EI): m/z
455.1 (Mþ). Anal. calcd. for C19H25N3O10 (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-(b-D-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. 1H NMR (DMSO-d6, 200 MHz) � 1.40 (9H, s,
–C(CH3)3), 2.07–2.12 (9H, m, –COCH3), 3.94 (2H, s, –CH2CO–),
4.20–4.32 (3H, m, H40, H50, H50), 5.32 (1H, m, H30), 5.40 (1H, m, H20),
5.85 (1H, d, J 4.4 Hz, H10), 5.94 (1H, d, J 6.9 Hz, H5), 7.63 (1H, d, J
6.9 Hz, H6). Anal. calcd. for C21H29N3O10 (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-(b-D-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. 1H NMR (DMSO-d6,
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200 MHz) � 1.18–1.25 (3H, t, J 7.1 Hz, –CHCH3), 2.03–2.10 (9H, m,
–COCH3), 3.83 (2H, s, –CH2CONH-), 3.96 (2H, s, –CH2COO–),
4.01–4.10 (2H, m, –CH2CH3), 4.15–4.28 (3H, m, H40, H50, H50), 5.31
(1H, m, H30), 5.39 (1H, m, H20), 5.84 (1H, d, J 4.3 Hz, H10), 5.92 (1H,
d, J 7.3 Hz, H5), 7.61 (1H, d, J 7.4 Hz, H6). Anal. calcd. for C21H28N4O11

(512.2): C, 49.22; H, 5.51; N, 10.93. Found: C, 49.50; H, 5.44; N, 10.79.
4-Ethoxycarbonylethylamino-1-(b-D-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. 1H NMR (CDCl3, 200 MHz) � 1.18–1.25 (3H, t,
J 7.2 Hz, –CH2CH3), 2.05–2.10 (9H, m, –COCH3), 2.57–2.65 (2H, m,
–CH2CH2CO–), 3.67–3.77 (2H, m, –CH2CH2CO–), 4.08–4.17 (2H, m,
–CH2CH3), 4.21–4.35 (3H, m, H40, H50, H50), 5.27–5.36 (2H, m, H20

H30), 5.70 (1H, d, J 7.1 Hz, H5), 6.12 (1H, d, J 4.4 Hz, H10), 7.35 (1H, d,
J 7.2Hz, H6). MS (EI): m/z 469.2 (Mþ). Anal. calcd. for C20H27N3O10

(469.2): C, 51.17; H, 5.80; N, 8.95. Found: C, 51.37; H, 5.61; N, 8.74.
4-[((1S )-1-amino-1-ethoxycarbonyl)pentyl]amino-1-(b-D-2,3,5-tri-

O-acetylribofuranosyl)pyrimidine-2(1H)-one (9). Compound 9 was pre-
pared from 3 and L-lysine ethyl ester dihydrochloride in the similar
manner as colorless needles. m.p. 137–139�C. 1H NMR (CDCl3,
200 MHz) � 1.24–1.31 (3H, t, J 7.2 Hz, –CH2CH3), 1.35–1.51 (2H, m,
–NHCH2CH2CH2CH2�), 1.57–1.72 (2H, m, –NHCH2CH2CH2CH2�),
1.81–1.91 (2H, m, –NHCH2CH2CH2CH2�), 2.03–2.09 (H, m,
–COCH3), 3.35–3.45 (2H, m, –NHCH2CH2CH2CH2�), 4.00–4.08 (1H,
m, –CHCO–), 4.15–4.26 (2H, m, –CH2CH3), 4.65–4.77 (2H, m, H50,
H50), 4.84–4.92(1H, m, H40), 5.65 (1H, d, J 7.2 Hz, H5), 5.73 (1H, m,
H30), 5.86 (1H, m, H20), 6.47 (1H, m, J 4.6 Hz, H10), 7.37 (1H, d,
J 7.2 Hz, H6). Anal. calcd. for C23H34N4O10 (526.2): C, 52.46; H, 6.51;
N, 10.64. Found: C, 52.75; H, 6.26; N, 10.38.
4-Ethoxycarbonylmethylamino-1-(b-D-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. 1H NMR (CDCl3, 200 MHz) � 1.20–1.27 (3H, t,
J 7.2 Hz, –CH2CH3), 4.12–4.24 (4H, m, –CH2CO–, –CH2CH3), 4.73–4.81
(3H, m, H40, H50, H50), 5.69–5.86 (3H, m, H30 H20 H5), 6.31 (1H, d,
J 4.7 Hz, H10), 7.30–8.07 (16H, m, ArH, H6). MS (EI): m/z 641.2
(Mþ). Anal. calcd. for C34H31N3O10 (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-(b-D-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. 1H NMR (CDCl, 200 MHz) � 1.45
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(9H, s, –C(CH3)3), 3.98 (2H, s, –CH2CO–), 4.62–4.83 (3H, m, H40, H50,
H50), 5.72–5.85 (3H, m, H30 H20 H5), 6.37 (1H, d, J 4.5 Hz), 7.35–8.08
(16H, m, ArH, H6). Anal. calcd. for C36H35N3O10 (669.2): C, 64.57; H,
5.27; N, 6.27. Found: C, 64.83; H, 5.09; N, 6.06.
4-(Ethoxycarbonylmethylamino)carbonylmethylamino-1-(b-D-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. 1H NMR (CDCl3, 200 MHz)
� 1.16–1.23 (3H, t, J 7.2 Hz, –CH2CH3), 3.95 (2H, s, –CH2CONH–),
4.02–4.14 (2H, m, –CH2CH3), 4.35 (2H, s, –CH2COO–), 4.66–4.78 (3H,
m, H40, H50, H50), 5.81–5.94 (2H, m, H20 H30), 6.22–6.37 (2H, m, H10, H5),
7.30–8.04 (16H, m, ArH, H6). Anal. calcd. for C36H34N4O11 (698.2): C,
61.89; H, 4.90; N, 8.02. Found: C, 61.51; H, 5.07; N, 8.23.
4-Ethoxycarbonylethylamino-1-(b-D-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. 1H NMR (CDCl3, 200 MHz) � 1.18–1.25 (3H,
t, J 7.0 Hz, –CHCH3), 2.56–2.63 (2H, m, –CH2CH2CO–), 3.68–3.76 (2H,
m, –CH2CH2CO–), 4.06–4.15 (2H, m, –CH2CH3), 4.60–4.77 (3H, m, H40,
H50, H50), 5.51 (1H, d, J 7.3 Hz, H5), 5.69 (1H, m, H30), 5.87 (1H, m,
H20), 6.45 (1H, d, J 4.5 Hz, H10), 7.29–8.08 (16H, m, ArH, H6). Anal.
calcd. for C35H33N3O10 (655.2): C, 64.12; H, 5.07; N, 6.41. Found: C,
63.89; H, 5.30; N, 6.22.
4 -[((1S )-1-amino-1-ethoxycarbonyl)pentyl]amino-1-(b-D-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. 1H NMR (CDCl3,
200 MHz) � 1.22–1.29 (3H, t, J 7.1 Hz, –CH2CH3), 1.39–1.56 (2H, m,
–NHCH2CH2CH2CH2�), 1.60–1.73 (2H, m, –NHCH2CH2CH2CH2�),
1.86–1.97 (2H, m, –NHCH2CH2CH2CH2�), 3.38–3.45 (2H, m,
–NHCH2CH2CH2CH2�), 4.02–4.08 (1H, m, –CHCO–), 4.20–4.29 (2H,
m, –CH2), 4.67–4.73 (2H, m, H50, H50), 4.83–4.88 (1H, m, H40), 5.67 (1H,
d, J 7.2 Hz, H5), 5.78 (1H, m, H30), 5.87 (1H, m, H20), 6.44 (1H, m,
J 4.6 Hz, H10), 7.33–8.17 (16H, m, ArH, H6). Anal. calcd. for
C38H40N4O10 (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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