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Synthesis of 1-(dihydroxypropyl)-5-substituted uracils
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Abstract—Novel 1-(dihydroxypropyl)-5-substituted uracils were synthesized in the reaction of 1-(4-nitrophenyl)-5-substituted
uracil derivatives with appropriate aminopropanediols under mild conditions. In the case of 3-amino-1,2-propanediol both
racemic and enantiomerically enriched products were obtained. These compounds may be considered as new building blocks for
oligonucleotide synthesis.
© 2003 Elsevier Ltd. All rights reserved.

The acyclonucleosides, a group of compounds in which,
the carbohydrate moieties are acyclic chains mimicking
the sugar portion of naturally occurring nucleosides
represent an important class of biologically active
molecules.1 Several acyclonucleosides are known to
possess moderate antiviral activity (e.g. Acyclovir, (S)-
HMPA, etc.).1,2 Such analogues are of considerable
interest as monomer precursors for the generation of
antisense oligonucleotides.3 On the other hand acy-
clonucleosides possessing two hydroxyl functions can
be useful intermediates in the synthesis of 1,3-dioxolane
and 1,3-dioxane derivatives.4,5 Recently we have
demonstrated, that 1,4-dinitroimidazoles can be easily
converted into 3-(4-nitroimidazol-1-yl)-1,2-propanediols
via the so-called ‘degenerated imidazole ring transfor-
mation’.6 Currently we have focused on other hetero-
cyclic systems, which are able to undergo similar
reactions. It is known from the literature that 3-methyl-
5-nitro-1-(4�-nitrophenyl)uracil when treated with pri-

mary amines undergoes transformation into 1-alkyl
derivatives.7–9 3-Methyl-1-phenyluracil-5-carboxamide
undergoes the same reaction under forcing conditions.

In contrast, the biological activity of alkyl derivatives
of 5-nitrouracil is rather less recognized in comparison
with other uracil analogues. 5-Nitro-2�-deoxyuridine
inhibits thymidylate synthetase,10,11 and 5-nitro-1-[3-(5-
nitro-2-furan-2-yl)-acroyl]uracil exhibits antitumor
activity on leukemia P388 cells.12 An inhibition effect
on macrophage RAW 264.7 of 1-(2-hydroxy-3-
methoxypropyl)-5-nitrouracil was also reported.13

We report here a simple method for the synthesis of
5-substituted uracil propanediol derivatives. The direct
nucleophilic addition of 3-methyl-5-nitrouracil to
(hydroxymethyl)oxirane according to the method
described by Acevedo14 failed and the expected product
was obtained in low yield (Table 1, entry 1). When

Table 1. Yields and properties of 1-(dihydroxypropyl)-5-substituted uracil derivatives

No. Product R R1 Yield (%) Mp (°C) [� ]D (c 0.5, MeOH)

–NO2 (RS)-CH2CH(OH)CH2OH1 183a 186–188
187–1882 –3a NO2 (RS)-CH2CH(OH)CH2OH 75

(R)-CH2CH(OH)CH2OH 75 171–172 +503 NO23b
173–1744 −463c NO2 (S)-CH2CH(OH)CH2OH 87

5 –201–20296(RS)-CH2CH(OH)CH2OHCONH23d
193–19490(R)-CH2CH(OH)CH2OH +55CONH23e6

(S)-CH2CH(OH)CH2OH 92 192–194 −583f7 CONH2

–209–21074-CH(CH2OH)23g NO28
–236–23770-CH(CH2OH)29 CONH23h
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Scheme 1.

order to obtain 1-(2,3-dihydroxypropyl)-3-methyl-5-
substituted uracils the reaction of the appropriate uracil
1a or 1b with 4-aminomethyl-2,2-dimethyl-1,3-diox-
olane 4 was performed (Scheme 2). Application of the
same conditions (as above) gave intermediate products
1-(2,2-dimethyl-[1,3]-dioxolan-4-ylmethyl)-3-methyl-5-
nitrouracil17 5a and 1-(2,2-dimethyl-[1,3]-dioxolan-4-
ylmethyl)-3-methyluracil-5-carboxamide19 5b in
satisfactory yields (68% and 86%, respectively). Cleav-
age of the dioxolane ring using 80% aq. acetic acid gave
3a or 3d in almost quantitative yield (>92%).

In conclusion, two parallel methods have been used for
the syntheses of 1-(dihydroxypropyl)-5-substituted
uracil derivatives. We have obtained both racemic and
enantiomerically enriched products in all the reactions
studied. We believe that the acyclonucleosides described
will be of interest, both as synthetic intermediates and
propane-2,3-diol monomers, having non-hydrogen
bonded bases in oligonucleotide synthesis.20–23
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15. Synthesis of 1-(dihydroxypropyl)-3-methyl-5-substituted
uracils (general procedure): To a solution of (R)-(+)-3-

3-methyl-1-(4-nitrophenyl)uracil7 1a and (±)-3-amino-
1,2-propanediol were refluxed in anhydrous ethanol for
6 h, 1-(2,3-dihydroxypropyl)-3-methyl-5-nitrouracil 3a
was isolated in 75% yield (after column purification and
crystallization from methanol) (Scheme 1, Table 1,
entry 2).

In order to avoid racemization during the reaction, the
experiments in which we applied pure enantiomers (R
or S) of 3-amino-1,2-propanediol were performed in
anhydrous DMF at room temperature. After 4–5 h, the
corresponding products 3b and 3c were obtained in
satisfactory yields (entries 3, 4).15

3-Methyl-(4-nitrophenyl)uracil-5-carboxamide 1b was
prepared from 1-(4-nitrophenyl)-5-cyanouracil16 by N-3
methylation with methyl iodide followed by partial
hydrolysis of the cyano group.17

Compound 1b reacted smoothly with 3-amino-1,2-
propanediol (RS, R or S) and gave the desired products
3d–f in excellent yields (entries 5–7).18 The optical
purity of a single enantiomer depended on the optical
purity of the starting 3-amino-1,2-propanediols.
According to the reaction mechanism and mild reaction
conditions racemization during synthesis can be pre-
vented. The optical purity of the obtained compounds
is not less than 94 (ee) as calculated from the enan-
tiomeric composition of the starting amino-
propanediols.

Under the same conditions, 1a or 1b treated with
symmetrical 2-amino-1,3-propanediol gave the desired
products 3g,h in satisfactory yields (entries 8, 9). In

Scheme 2.
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amino-1,2-propanediol 2 (1.1 mmol) in anhydrous DMF
(10 ml) 1a or 1b was added (1 mmol) in one portion while
stirring. The resulting yellow-reddish solution was stirred
until the substrate had been consumed and then concen-
trated under reduced pressure. The oily residue was
purified on a silica gel column using methanol–chloro-
form mixture (1:9) as eluent.
3b: (R)-(+)-1-(2,3-dihydroxypropyl)-3-methyl-5-nitrou-
racil: 1H NMR, (DMSO-d6): � (ppm)=3.22 (s, 3H, CH3),
3.27–3.48 (m, 2H, H-3a,b� ), 3.64–3.71 (m, 2H, H-1a� , H-2),
4.21 (d, 1H, J=10.8 Hz, H-1b� ), 4.78 (t, 1H, J=5.7 Hz,
OH-3�), 5.13 (d, 1H, J=5.1 Hz, OH-2�), 9.12 (s, 1H, H-6).
13C NMR, (DMSO): � (ppm)=28.15, 53.45, 63.37, 68.24,
124.00, 149.48, 149.53, 154.35. Anal. calcd for
C8H11N3O6 (245.2): %C, 39.39; %H, 4.52; %N, 17.14.
Found: %C, 39.30; %H, 4.52; %N, 16.95.

16. Wolfbeis, O. S. Liebigs Ann. Chem. 1982, 182–185.
17. 1b. 3-Methyl-(4-nitrophenyl)uracil-5-carboxamide: To the

suspension of 1-(4-nitrophenyl)-5-cyanouracil16 (9.0 g, 33
mmol) in water (0.6 ml, 33 mmol), concd sulphuric acid
(41 ml, 98%) was added. The reaction mixture was stirred
at 50°C for 3 h and then poured onto crushed ice (210 g).
The precipitated solid was filtered off, rinsed with water
and finally with methanol and crystallized from acetone.
Yield 9.5 g (98%); mp 286–288°C. 1H NMR, (DMSO): �

(ppm)=3.28 (s, 3H, CH3), 7.22 (bd, 1H, J=3 Hz, NH2),
7.81 (d, 2H, J=9.3 Hz, Ar), 8.22 (bd, 1H, J=3 Hz,
NH2), 8.37 (s, 1H, H-6), 8.38 (d, 2H, J=9.3 Hz, Ar).

18. 3e: (R)-(+)-1-(2,3-dihydroxypropyl)-3-methyluracil-5-car-
boxamide: 1H NMR, (DMSO): � (ppm)=3.23 (s, 3H,
Me), 3.28–3.47(m, 2H, H-3�), 3.59 (dd, 1H, J=13.2 Hz,
9.3 Hz, H-1�a), 3.65–3.76 (m, 1H, H-2�), 4.16 (dd, 1H,
J=13.2 Hz, 2.7 Hz, H-1�b), 4.74 (t, 1H, J=5.7 Hz,
3�-OH), 5.04 (d, 1H, J=5.4 Hz, 2�-OH), 7.53 (d, 1H,
J=3.6 Hz, NH), 8.22 (s, 1H, J=3.6 Hz, NH), 8.41 (s,
1H, H-6). 13C NMR, (DMSO): � (ppm)=27.84, 53.17,

63.56, 68.62, 103.44, 150.50, 150.75, 162.52, 163.26. Anal.
calcd for C9H13N3O5 (243.22): %C, 44.44; %H, 5.40; %N,
17.28. Found: %C, 44.46; %H, 5.61; %N, 16.97.

19. Synthesis of 1-(2,2-dimethyl-[1,3]-dioxolane-4-ylmethyl)-
3-methyl-5-substituted uracils (general procedure): To the
solution of 4-aminomethyl-2,2-dimethyl-[1,3]-dioxolane 4
(1.1 mmol) in anhydrous DMF (10 ml) 1a or 1b was
added (1 mmol) in one portion while stirring. The result-
ing yellow-reddish solution was stirred until the substrate
had been consumed and then concentrated under reduced
pressure. The oily residue was crystallized from methanol.
5a: Yield 68%; mp 167–168°C; 1H NMR, (CDCl3): �

(ppm)=1.34 (3H, s, CH3), 1.46 (3H, s, CH3), 3.41 (3H, s,
N-CH3), 3.73 (1H, dd, J=9.0 Hz, 5.7 Hz, H-5�a), 3.84
(1H, dd, J=13.8 Hz, 7.2 Hz, CH2a), 4.16 (1H, dd, J=9.0
Hz, 6.6 Hz, H-5�b), 4.28 (1H, dd, J=13.8 Hz, 2.7 Hz,
CH2b), 4.40–4.50 (1H, m, H-4�), 8.81 (1H, s, H-6). 13C
NMR, (CDCl3), � (ppm)=24.78, 26.66, 28.93, 52.54,
66.11, 72.88, 110.47, 124.96, 147.64, 149.88, 154.24. Anal.
calcd for C11H15N3O6 (285.3): %C, 46.32; %H, 5.30; %N,
14.73. Found: %C, 46.37; %H, 5.01; %N, 14.67.
5b: Yield 86%; mp 199–200°C; 1H NMR, (DMSO): �

(ppm)=1.25 (s, 3H, CH3), 1.33 (s, 3H, CH3), 3.25 (s, 3H,
N-CH3), 3.68 (dd, 1H, J=8.6 Hz, 5.6 Hz, H-5�a), 3.94–
4.14 (m, 3H, CH2a, CH2b, H-5�b), 4.29 (m, 1H, H-4�), 7.56
(bd, 1H, J=3.5 Hz, NH2), 8.19 (bd, 1H, J=3.5 Hz,
NH2), 8.47 (s, 1H, H-6). 13C NMR, (DMSO): � (ppm)=
25.16, 26.44, 28.02, 51.21, 65.82, 73.03, 103.94, 108.94,
150.17, 150.65, 162.32, 162.96.
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