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Abstract: A new alkyne functionalized pterin derivative was synthesized through a reaction of
7-chloropterin with propargyl alcohol in the presence of sodium hydride. The purity and chemical
structure of the compound was validated by NMR (1H, 13C) spectroscopy, Mass (APCI source)
spectrometry, elemental analysis, and X-ray crystallography. The title compound may be further
functionalized by exploiting the yne moiety, for instance, using click chemistry. The novel pterin
derivative, most notably, in contrast to typical pterin behavior, is now soluble or even well soluble in
almost any solvent except water.
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1. Introduction

Pteridines are heterocyclic compounds containing fused pyrimidine and pyrazine rings
(Figure 1). Naturally occurring pteridines can be divided into three main classes: lumazines,
isoalloxazines, and pterins. Among these, pterins are the most common naturally occurring
pteridines bearing an amino group at position 2 and an oxo group at position 4 [1]. The
name pterin originates from the Greek word pteron meaning wing since they were first
isolated from pierid butterflies where the yellow, orange, and white coloration of the
butterfly wings goes back to the presence of pterins. Though two naturally occurring
pterins were already isolated in 1889 from the wings of Brimstone butterflies, followed by
further isolation of a third pteridine in 1933, their chemical structures and compositions
remained ambiguous until 1940 due to difficulties in elemental analysis. Later, these pterins
were found to be xanthopterin, leucopterin, and isoxanthopterin respectively and Robert
Purrmann completed the comprehensive synthesis of these pteridines shortly after [2,3].
Since then, more than 50 naturally occurring pterins have been found, identified, and in
some cases completely synthesized.
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1. Introduction 
Pteridines are heterocyclic compounds containing fused pyrimidine and pyrazine 

rings (Figure 1). Naturally occurring pteridines can be divided into three main classes: 
lumazines, isoalloxazines, and pterins. Among these, pterins are the most common nat-
urally occurring pteridines bearing an amino group at position 2 and an oxo group at 
position 4 [1]. The name pterin originates from the Greek word pteron meaning wing 
since they were first isolated from pierid butterflies where the yellow, orange, and white 
coloration of the butterfly wings goes back to the presence of pterins. Though two natu-
rally occurring pterins were already isolated in 1889 from the wings of Brimstone 
butterflies, followed by further isolation of a third pteridine in 1933, their chemical 
structures and compositions remained ambiguous until 1940 due to difficulties in ele-
mental analysis. Later, these pterins were found to be xanthopterin, leucopterin, and 
isoxanthopterin respectively and Robert Purrmann completed the comprehensive syn-
thesis of these pteridines shortly after [2,3]. Since then, more than 50 naturally occurring 
pterins have been found, identified, and in some cases completely synthesized. 

N

N N

N

Pteridine Pterin
1

2

3
4 5

6

7

8

HN

N N

N

1
2

3

4
5

6

7

8

O

H2N

Molybdopterin (MPT)

HN

N N
H

H
N

O

H2N O

S–

S–

O
PO3

2–

 
Figure 1. Pteridine and pterin scaffolds including their numbering schemes and the natural active 
site ligand in molybdenum-dependent oxidoreductase enzymes, molybdopterin (MPT). In red the 
two functional groups which define the pterin class of compounds. 
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Figure 1. Pteridine and pterin scaffolds including their numbering schemes and the natural active
site ligand in molybdenum-dependent oxidoreductase enzymes, molybdopterin (MPT). In red the
two functional groups which define the pterin class of compounds.

Pterins are ubiquitous in nature. They play several different roles in biology, including
those of pigments [4], one-carbon transfer cofactors [5], and redox cofactors [6]. Some
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pterin derivatives can cause harmful effects and are classified as toxins [7]. Folic acid, a
form of the water-soluble vitamin B9, is another important pterin-bearing molecule [8].

Not surprisingly, some pterins are medicinally important molecules with several
derivatives, especially those substituted at position 7, being used as inhibitors for tar-
gets such as ricin [9], methionine synthase, leishmaniasis, nitric oxide synthase or being
employed as the anti-folate drug methotrexate [10]. Due to their inherent fluorescence
properties pterins have in addition found applications as fluorophores [11,12], in photo-
dynamic [13] and photothermal [14,15] therapies and generally exhibit remarkable photo-
chemical behavior [16–18].

The molybdenum cofactor of oxidoreductase enzymes is another significant instance of
the pterin system in nature [19]. Here a tetrahydropterin moiety is part of the organic ligand
system which is commonly called molybdopterin (acronym: MPT; Figure 1), while some
alternative names are also used. In order to better understand the activity of natural active
sites at the chemical level, bioinorganic model chemistry can attempt to facilitate respective
investigations by addressing certain chemical motifs of the biological cofactors or even the
cofactor as a whole. The role of MPT in molybdenum enzymes has been under research
since it was discovered and several, mostly relatively smaller models of molybdopterin
have been synthesized. However, despite some very serious efforts, the synthesis of a
complete mimic of MPT, bearing all the essential groups is still elusive for the scaffold’s
difficult chemistry further complicated by issues associated with the acidity, basicity, and
tautomerism of pterins [20]. A major disadvantage of pterins is their near or complete
insolubility in almost any commonly used solvent. This property can be attributed to the
ability of amine and keto groups of the pterin nucleus to form very strong intermolecular
H-bonds [21].

It is therefore generally useful to investigate and report the properties of any pterin-
bearing compounds in order to develop a better chemical understanding which may guide
the way toward suitable synthetic strategies—eventually facilitating the preparation of
an artificial MPT. It is particularly valuable in this context if compounds can be made
which have an improved solubility as is the case with the title compound, since this will
dramatically improve the efficiency of follow-up transformations in solution.

2. Results and Discussion

Title compound 1 was synthetically addressed in order to use it as a synthon for a
subsequent ring-closing reaction as depicted in Scheme 1. The synthesis was inspired by a
known procedure for chromone synthesis [22]. The respective protocol involves the use of
γ-chloropropargyl aryl ethers to access chroman-4-ones via refluxing in ethylene glycol.
While this procedure was reported for aryl ethers, for heteroaryl backbones it remains
unknown. The approach was supposed to be a synthetic route towards a pterin-based
ligand system imitating most of the features of molybdopterin.
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Scheme 1. Etherification of 7-chloropterin and subsequent successful and unsuccessful transformations.

The synthetic sequence shown in Scheme 1 was successfully carried out up to and
including compound 2. However, all attempts to achieve ring closure turned eventually
out to be unsuccessful. The starting material, 7-chloropterin (compound 3) was synthesized
as described in the literature [23,24]. The etherification reaction between 7-chlorpterin,
3, and propargyl alcohol in the presence of NaH was carried out at room temperature.
During this reaction, a single product was formed. It proceeded through the generation of a
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nucleophile, viz. the sodium salt of propargyl alcohol, followed by nucleophilic substitution
of the chloride at position 7 of the pterin substrate by the propargylate group.

The product was purified by column chromatography to yield a colorless solid which
exhibits a notably strong fluorescence on the TLC plate under high wavelength UV light
(365 nm). The fluorescent emission is also noticeable when dissolved in common polar
organic solvents such as alcohols and to a lesser extent also in halogenated solvents (for
exemplary UV-vis and fluorescence spectra see Figures S9 and S10 in the Supplementary
Materials). Compound 1 is sparingly soluble in very non-polar solvents like hexane;
however, it is easily and completely soluble in almost any other organic solvent.

The structure and composition of the resulting product were determined using APCI-
mass spectrometry, 1H, 13C, and 13C-dept NMR spectroscopy. The 1H NMR spectrum of
compound 1 displayed a doublet at δ = 5.14 ppm with a J-coupling of 2.4 Hz for the CH2 of
the propargyl group while the terminal –CH gave a triplet at 2.56 ppm with J = 2.3 Hz. This
unique splitting pattern for the –CH2 and terminal –CH of the propargyl fragment is due to
long-range coupling and the J value near 3 Hz aligns with reported values for long-range
coupling involving intervening π-bonds. The 13C NMR exhibits peaks at δ = 75.6 ppm for
the alkynyl carbons and at 54.3 ppm corresponding to the –CH2 carbon of the propargyl
group. The aromatic carbons of the pterin backbone are clearly visible in the 13C NMR with
signals between 118.41 and 167.30 ppm.

Single crystals of compound 1 were obtained through the slow evaporation from a
solution in chloroform which became part of the crystal structure as a lattice solvent. The
analyzed crystal system is monoclinic with a P21/c space group.

The co-crystallized solvent chloroform is disordered in the crystal over two positions
and the diffraction of the crystal was relatively weak and only moderately satisfying.
However, the molecule of interest, compound 1 (Figure 2), behaves well and the important
hydrogen atoms (pterin bound, including those on N5, and propargyl bound) could be
located on the electron density map and were refined freely. The short C8≡C9 bond 1.197(7)
Å and the moderately long C7-C8 bond 1.464(7) Å imply that the π-systems of alkyne
and pterin are electronically well separated. The C6–O1–C7–C8 torsion angle of 75.03◦

emphasizes that the propargyl moiety points away from the pterin plane. The metrical
parameters observed (see Table S3 in the Supplementary Materials) are all in line with
the expected chemical structure. In-plane bidirectional hydrogen bonding between N2
(acceptor) and N5 (donor) with D· · ·A 2.973(5) Å forms pairs of pterin moieties, which
again reside in layers roughly along the a/c diagonal of the cell. The distances between the
layers are only slightly longer than the lengths of the propargyl moieties which point to the
adjacent layers alternately up and down.
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Having unambiguously established the chemical structure and purity of compound 1,
compound 2 was synthesized by adapting and optimizing a reported procedure for the
purpose [25]. The respective chlorination with N-chlorosuccinimide was carried out in the
presence of K2CO3 base and catalyst Ag2CO3. Compound 2 was characterized by mass
spectrometry and 1H and 13C NMR spectroscopy. The formation of the chlorinated product
was confirmed by mass analysis with the presence of the typical chlorine isotope pattern.
The former doublet for the CH2 protons of the propargyl fragment of compound 1 appeared
now as a singlet in the 1H NMR of compound 2 which further confirms the transformation
of compound 1 to compound 2 by chlorination.

Attempts to employ compound 2 in ring-closing reactions by refluxing in ethylene
glycol did not yield any reasonable results. In further ring-closing studies acids were
employed at room temperature wherein using sulfuric acid led to the decomposition of the
pterin. Several additional attempts using low concentrations of sulfuric acids as well as
other acids including perchloric acid, and triflic acid proved to be similarly unsuccessful.
The predominant reasons for this failure are likely the electron-deficient nature of the pterin
scaffold as well as the absence of electron-donating groups (such as a methyl substituent)
at the α-position of the propargyl chain [26].

3. Materials and Methods

The starting material 7-chloropterin was synthesized as described in the literature [23,24].
1H NMR (300 MHz) and 13C NMR (100 MHz) spectra were recorded on a Bruker Avance
II-300 spectrometer. Chemical shifts δ are given in ppm and the solvent residual peak
(CDCl3: 1H, δ = 7.27; 13C, δ = 77.0) was used as an internal standard. Peak multiplicities are
specified as follows: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad. Mass
spectra (m/z) were recorded on a compact ESI-mass spectrometer Advion expression CMS.
An Elementar Vario MICRO cube was used for the experimental determination of elemental
compositions of the final pure product. TLC analyses were carried out on aluminum plates
coated with silica gel 60 F254, 0.2 mm thickness. The plates were visualized using a 365 nm
UV lamp.

3.1. Synthesis
3.1.1. 4-(Pentyloxy)-7-(prop-2-yn-1-yloxy)pteridin-2-amine (1)

Propargyl alcohol (0.41 mL, 7.1 mmol, 1 equiv.) was added to a suspension of NaH
(0.341 g, 24.2 mmol, 2 equiv.) in THF (12 mL) at 0 C. After stirring for 20 min, a solution
of 7-chloropterin (1.9 g, 7.1 mmol) in 15 mL of THF was added dropwise and the reaction
was warmed to room temperature and left to stir for 45 min. The reaction was monitored
by thin-layer chromatography. After completion of the reaction, the reaction mixture was
poured into a saturated solution of ammonium chloride and the product was extracted
with chloroform. The organic fractions were combined, washed with brine, dried over
Na2SO4, and concentrated in vacuo. The residue was subjected to neutral alumina column
chromatography using chloroform as the eluent to give 4-(pentyloxy)-7-(prop-2-yn-1-yloxy)
pteridin-2-amine (compound 1) as a colorless (white) powder (Yield: 1.89 g, 90%). (+ve)
APCI-MS m/z = 287.32 m/z calcd. for C14H17N5O2 [M]; found: 288.2 [M + H]. NMR (CDCl3,
300 MHz): δ = 8.20 (s, 1H), 5.43 (br s, 2H), 5.14 (d, J = 2.4 Hz, 2H), 4.54 (t, J = 7.0 Hz, 2H),
2.56 (t, J = 2.3 Hz, 1H), 1.92 (quin, J = 7.1 Hz, 2H, –OCH2CH2–), 1.43 (m, 4H), 0.93 ppm
(t, J = 1.0 Hz, 3H); 13C NMR (75 MHz, CDCl3): _ [ppm] = 167.3, 162.0, 161.1, 156.5, 133.5,
118.4, 77.2, 75.7, 68.2, 54.6, 28.3, 28.0, 22.4, 13.9. CHNS calcd for C14H17N5O2: C, 58.52; H,
5.96; N, 24.38; found C, 58.86; H, 5.92; N, 23.10.

3.1.2. 7-((3-Chloroprop-2-yn-1-yl)oxy)-4-(pentyloxy)pteridin-2-amine (2)

An oven-dried Schlenk tube was charged with potassium(I) carbonate (0.035 g,
0.25 mmol, 0.5 equiv.), N-chlorosuccinimide (0.2 g, 1.5 mmol, 3 equiv.), silver(I) carbonate
(0.069 g, 0.25 mmol, 0.5 equiv.) and compound 1 (0.144 g, 0.5 mmol). The Schlenk tube was
evacuated and refilled with nitrogen, and 2 mL of dry ethanol was added. The Schlenk
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tube was sealed and the reaction was left to stir at 50 ◦C for 5 h. the reaction was monitored
by thin-layer chromatography. After the complete disappearance of the starting material
the reaction was cooled to 0 ◦C and 50 mL of saturated NaCl solution was added. The
product was extracted in chloroform. The organic fractions were combined, dried over
anhydrous Na2SO4 and the solvent was evaporated in vacuo. The residue was purified
by column chromatography over neutral alumina using chloroform as the eluent to give
7-((3-chloroprop-2-yn-1-yl)oxy)-4-(pentyloxy)pteridin-2-amine as an off-white (or beige)
powder (Yield: 0.06 g, 38%). (+ve) APCI-MS m/z = 321.1 m/z calcd. for C14H16N5O2Cl [M];
found: 322.5 [M + H], 324.5 [M + 3] 1H NMR (CHLOROFORM-d, 300 MHz): δ = 8.18 (s,
1H), 5.61 (br s, 2H), 5.13 (s, 2H), 4.53 (t, J = 7.0 Hz, 2H), 1.92 (quin, J = 7.2 Hz, 2H), 1.44 (m,
4H), 0.93 ppm (t, J = 7.1 Hz, 3H); 13C NMR (CHLOROFORM-d, 75 MHz): δ = 167.2, 162.0,
161.1, 156.5, 133.2, 118.4, 77.2, 68.1, 63.3, 54.7, 28.2, 27.9, 22.3, 13.9 ppm.

3.2. Single Crystal X-ray Diffraction Analysis

Suitable single crystals of compound 1 were mounted on a thin glass fiber coated
with paraffin oil. X-ray single-crystal structural data were collected at low temperature
(170 k) with a STOE IPDSII diffractometer (STOE, Darmstadt, Germany) equipped with
a normal-focus, 2.4 kW, sealed-tube X-ray source with graphite-monochromatic MoKα

radiation (λ = 0.71073 Å). The program X-Area was used for the integration of diffraction
profiles; a numerical absorption correction was carried out with the programs X-Shape and
X-Red—all by STOE. The structures were solved with SHELXT-2018 [27] and refined by full-
matrix least-squares methods using SHELXL-2018 [28] and the WinGX GUI, Ver2021.3 [29].
The methylene and methyl hydrogen atoms of the pentyl substituent, as well as the methine
hydrogen atom of the solvent molecule chloroform, were added using the riding model
with the Uiso values constrained to the Ueq of the parent carbon atoms (1.5 times for –CH3
hydrogen atoms and 1.2 times for all others). All other hydrogen atoms on nitrogen or
carbon were refined entirely freely. The chloroform solvent is disordered over two positions.
The disorder was modeled using SADI constraints for all C–Cl bonds and all Cl–Cl distances.
Additionally, DELU and SIMU constraints were applied. Occupancies are 62% for the major
component and 38% for the minor one. Crystallographic data were deposited at the
Cambridge Crystallographic Data Centre, CCDC, 12 Union Road, Cambridge CB21EZ,
UK. These data can be obtained free of charge on quoting the depository number CCDC
2264640 by FAX (+44-1223-336-033), email (deposit@ccdc.cam.ac.uk) or their web interface
(at http://www.ccdc.cam.ac.uk).

4. Conclusions

Although the principle objective for the synthesis of compound 1 could not be accom-
plished, a new pterin derivative exhibiting improved solubility in organic solvents and
strong fluorescence upon UV excitation was synthesized. A procedure for the selective
functionalization of position C-7 of the pterin moiety was established. This synthetic
method may be applied to the synthesis of analogous 7-substituted pterin derivatives,
taking into account their importance for medicinal applications.

The triple bond may be further taken forward into click reactions in order to synthesize
triazoles; respective studies are being presently carried out by our group. The inherent
strong fluorescence of pterins as further tuned by the application of click chemistry will
potentially open new synthetic doors towards bio-conjugation applications of respective
pterin derivatives.

Supplementary Materials: 1. Table S1: Crystal data and structure refinement for 1. 2. Table S2.
Atomic coordinates (×104) and equivalent isotropic displacement parameters (Å2 × 103) for 1.
3. Table S3: Bond lengths [Å] and angles [◦] for 1. 4. Table S4: Anisotropic displacement parameters
(Å2 × 103) for 1. 5. Table S5: Hydrogen coordinates (×104) and isotropic displacement parameters
(Å2 × 103) for 1. 6. Table S6: Hydrogen bonds for 1 [Å and ◦]. 7. Figure S1: Crystal structure of
compound 1 showing the disordered co-crystalized solvent molecule. 8. Figure S2: Crystal struc-
ture of compound 1 with the major occupancy component of the co-crystallized solvent molecule.

http://www.ccdc.cam.ac.uk
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9. Figure S3: 1H NMR spectrum of compound 1. 10. Figure S4: 13C NMR spectrum of compound
1. 11. Figure S5: Mass (APCI) spectrum of compound 1. 12. Figure S6: 1H NMR spectrum of
compound 2. 13. Figure S7: 13C NMR spectrum of compound 2. 14. Figure S8: Mass (APCI) spec-
trum of compound 2. 15. Figure S9: UV Absorption spectra of compound 1 in protic and aprotic
solvents. 16. Figure S10: Fluorescence emission spectra of compound 1 in protic and aprotic solvents.
17. Figure S11: A photo showing fluorescence of 10 µM solutions of compound 1 in chloroform,
methanol, and acetonitrile, respectively.
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