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Abstract: The synthesis of 3-(3-hydroxypropyl)-2,6-dioxo-1,2,3,6-tetrahydropyrimidine-4-carboxaldehyde
as a stable methyl hemiacetal through a convenient 3-step procedure is reported. The molecule is multi-
functional as it contains a formyl group, a hydroxyl group and the imide moiety. Each of these groups
can play a role in specific transformations or uses.
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1. Introduction

Simple methods of preparation of aldehyde derivatives are of primary importance
in organic synthesis. These precursors are basic and often unique starting points in the
construction of more complex functional molecules for various applications [1–4]. In
particular, the functionalization of important molecules such as nucleic acids with formyl
groups can allow the derivatization for multiple application purposes [5–7]. Despite the
fundamental role of nucleic acid derivatives in many biological processes, few examples of
nucleic acids bearing aldehyde groups are reported so far [8,9]. No less important is the
role that nucleic bases play thanks to their ability to interact with complementary functions
through hydrogen bonds, as occurs in DNA. This feature makes them particularly useful
for many applications in the field of supramolecular chemistry, molecular recognition and
sensors [10–13].

2. Results and Discussion

In this work, the synthesis of 3-(3-hydroxypropyl)-2,6-dioxo-1,2,3,6-tetrahydropyrimidine-
4-carboxaldehyde or 1-propanol-6-formyl-uracil 5, through a convenient three-step procedure,
is reported. The product is isolated by crystallization as a stable hemiacetal derivative from
chromatographic solutions containing methanol. This efficient strategy involves the use of
low-cost materials, a minimal amount of solvents and fast purification procedures. From
ethyl acetoacetate 1 and methyl carbamate 2, methyloxazine 3 is isolated by crystallization
from mother liquor in a 20% yield. Subsequently, the reaction of 3 with propanolamine
in a sealed vial in solventless condition gives 1-propanol-6-methyl uracil 4 with 85% yield
by crystallization, and finally, the oxidation with selenium dioxide allows to obtain uracil
aldehyde 5 with 68 % yield, isolated after chromatographic column purification as hemiacetal
derivative 5′ (Scheme 1).

Based on studies [9] and information reported in the literature [14,15], the sequence of
the condensation reactions of ethyl acetoacetate 1 with methyl carbamate 2, as reported in
Scheme 2, could justify the low conversion yield of oxazine 3. According to path (a), the
nitrogen atom of the carbamate gives nucleophilic acyl substitution reaction, eliminates
ethanol and an intermediate 6 is formed, which is in equilibrium with its tautomeric form
6′, cyclizes and forms oxazine 3. Product 3 precipitates as a white solid after cooling
the mixture.
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The most probable course is the formation of imine intermediate 7 through path
(b), which is in equilibrium with the tautomeric form 7′, cyclizes and forms 2-ethoxy-4-
methyl-1,3-oxazin-6-one 8, which is in equilibrium with ethyl β-isocyanatocrotonate 9
in solution.

Scheme 1. The overall synthetic procedure of 5′.

Scheme 2. The conceivable condensation reaction sequences of 1 and 2.

1-(3-hydroxypropyl)-6-methylpyrimidine-2,4(1H,3H)-dione 4 is obtained through an
elimination/cyclization mechanism of a stable open intermediate 11 formed by a double
addition of amine, as shown in Scheme 3.

Scheme 3. The reaction sequence of the formation of 4.

Finally, the methyl oxidation reaction is obtained with selenium dioxide at 80 ◦C in
dioxane, as shown in Scheme 1. The uracil aldehyde hemiacetal 5′ was obtained with a yield
of 68% as a white solid after chromatographic purification (10% methanol/dichloromethane)
(Scheme 1). The formation of hemiacetal 5′ is evidenced by NMR analysis, and the 1H-NMR
spectrum shows a singlet at 4.37 ppm corresponding to three protons (see Supplemen-
tary Materials Figures S6 and S7).

Other eluent mixtures containing ethyl acetate or diethyl ether with chloroform or
dichloromethane in various ratios were used, but no products were separated. Methanol in
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the optimal ratio with dichloromethane was found to be fundamental for good separation.
Eluents with a higher methanol/dichloromethane ratio do not allow good purification due
to the elution of by-products.

The unexpected formation of a hemiacetal does not affect the reactivity of the aldehyde
group as it is well known that the hemiacetals in solution are in equilibrium (Scheme 4).

Scheme 4. Hemiacetal equilibrium of 5 in methanol.

In this case, the formation of the hemiacetal favors the stability of the aldehyde as a
solid product 5′ and acts as a protecting group of the aldehyde which can be used without
limitations for further manipulation. All compounds were characterized by IR, NMR
and Mass analysis (see Supplementary Materials). These procedures offer an important
starting point for designing a wide variety of formyl-uracil derivatives also on a large scale.
Moreover, the hydroxyl group could be further modified, either by inserting functionalities
through nucleophilic substitution, e.g., forming an ester, or through the formation of
tosylates, substituting the group with other nucleophiles such as azides.

This work offers a new and convenient procedure for the synthesis of useful scaffolds,
which can be employed as starting building blocks for the synthesis of many functional
molecules as chromophores (e.g., porphyrins, BODIPY) aimed to obtain functional materi-
als for a wide range of applications [16–18].

3. Materials and Methods

All NMR spectra were recorded with Varian 500 instrument (Agilent, Santa Clara,
CA, USA). The IR spectra were carried out with a Bruker FT-IR ALPHA spectrometer
(Bruker, Billerica, MA, USA), equipped with an ATR-platinum accessory. Melting points
were determined using a BÜCHI B-545 apparatus (BÜCHI, Flawil, Switzerland).

6-Methyl-2H-1,3-oxazine-2,4(3H)-dione 3 was prepared according to the published
method [9].

3.1. 1-Propanol-6-methyl-uracil 4

Oxazine 3 (500 mg, 4 mmol) and propanolamine (580 mg, 8 mmol) are placed in a
sealed vial, the mixture was stirred in an oil bath at 160 ◦C for a period of 6 h after the cap
is removed, and the temperature was maintained for 30 min until the liquid has completely
evaporated. After cooling, the mixture solidifies, and crystallization is carried out with
methanol, a white solid precipitates, and after filtration, 616 mg of pure product 4 is isolated
(yield 85%); m.p. 215–217 ◦C.

IR (neat): 3256, 3146, 3031, 2957, 2801, 1698, 1657, 1605, 1474, 1452, 1405, 1298, 1241,
1180, 1051, 888, 752, 674, 631 and 535 cm−1.

1H-NMR (500 MHz, ppm, DMSO-d6): δ 10.80 (sbroad, 1H, NH), 5.46 (s, 1H, CH-5),
4.57 (sbroad, 1H, OH) 3.76 (t, 2H, J = 7.5 Hz, CH2-N), 3.42 (t, 2H, J = 6.1 Hz, CH2-OH), 2.23
(s, 3H, CH3) and 1.68 (m, 2 H, CH2-CH2-CH2).

13C-NMR (125 MHz, ppm, DMSO-d6): δ 162.9 (C), 154.8 (C), 152.0 (C), 101.3 (CH),
58.5 (CH2), 41.6 (CH2), 31.8 (CH2) and 19.6 (CH3).

HRMS (MicrOTOF) m/z: [M + H]+ Calcd for C8H12N2O3 185,092; Found 185.206.
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3.2. 1-Propanol-6-formyl-uracil Methyl Hemiacetal 5′

1-propanol-6-methyl-uracil 4 (500 mg, 2.72 mmol) and Selenium dioxide (350 mg,
3 mmol) were dissolved in 10% acetic acid/dioxane solution (10 mL), and the reaction
was stirred at 80 ◦C for a period of 24 h. The uracil derivative 5′ was purified by column
chromatography on silica and 10% methanol/dichloromethane as eluent; yield: 366 mg
(68%); white solid; mp 195–196 ◦C.

IR (neat): 3262, 3157, 2963, 2813, 1705, 1650, 1395, 1346, 1255, 1238, 1169, 1061, 857, 761,
677, 619 and 533 cm−1.

1H-NMR (500 MHz, ppm, DMSO-d6): δ 11.16 (sbroad, 1H, NH), 5.61 (s, 1H, CH-5),
4.57 (sbroad, 1H, OH), 4.37 (s, 3H, OCH3), 3.70 (t, 2H, J = 7.4 Hz, CH2-N), 3.41 (sbroad, 2H,
CH2-OH) and 1.69 (m, 2H, CH2-CH2-CH2).

13C-NMR (125 MHz, ppm, DMSO-d6): δ 186.1 (CH), 163.4 (C), 161.6 (C), 157.8 (C),
152.0 (CH), 98.8 (CH3), 59.1 (CH2), 58.5 (CH2) and 31.9 (CH2).

HRMS (MicrOTOF) m/z: [M + H]+ Calcd for C8H10N2O4 199,071; Found 199.103.

Supplementary Materials: The following are available online. Figure S1: 1H-NMR (500 Mhz,
DMSO-d6) of 1-propanol-6-methyl-uracil 4. Figure S2: 13C-NMR (125 Mhz, DMSO-d6) of 1-propanol-
6-methyl-uracil 4. Figure S3: MicrOTOF mass spectrum of 1-propanol-6-methyl-uracil 4. Fig-
ure S4: Expansion of mass spectrum of 1-propanol-6-methyl-uracil 4. Figure S5: FT-IR spectrum of
neat 1-propanol-6-methyl-uracil 4. Figure S6: 1H-NMR (500 Mhz, DMSO-d6) of 1-propanol-6-formyl-
uracil methyl hemiacetal 5’. Figure S7: 13C-NMR (125 Mhz, DMSO-d6) of 1-propanol-6-formyl-uracil
methyl hemiacetal 5’. Figure S8: MicrOTOF mass spectrum of 1-propanol-6-formyl-uracil 5. Fig-
ure S9: Expansion of mass spectrum of 1-propanol-6-formyl-uracil 5. Figure S10: FT-IR spectrum of
neat 1-propanol-6-formyl-uracil 5.
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