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ABSTRACT

In order to develop a new long alkane chain pterin that leaves the pterin core largely 

unperturbed, we synthesized and photochemically characterized decyl pterin-6-carboxyl 

ester (CapC) that preserves the pterin amide group. CapC contains a decyl chain at the 

carboxylic acid position and a condensed DMF molecule at the N2 position. Occupation of 

the long alkane chain on the pendent carboxylic acid group retains the acid-base 

equilibrium of the pterin headgroup due to its somewhat remote location. This new CapC 

compound has relatively high fluorescence emission and singlet oxygen quantum yields 

attributed to the lack of through-bond interaction between the long alkane chain and the 

pterin headgroup. The calculated lipophilicity is higher for CapC compared to parent pterin 

and pterin-6-carboxylic acid (Cap), and comparable to previously reported O- and N-decyl 

pterin derivatives. CapC’s binding constant Kb (8000 M-1 in L-α-phosphatidylcholine from 

egg yolk) and ΦF:Φ∆ ratio (0.26:0.40) point to a unique triple function compound, although 

the hydrolytic stability of CapC is modest due to its ester conjugation. CapC is capable of 

the general triple action not only as a membrane intercalator, but also fluorophore and 1O2 

sensitizer, leading to a “self-monitoring” membrane fluorescent probe and a membrane 

photodamaging agent.

INTRODUCTION

Pterins comprise a family of naturally occurring heterocyclic compounds derived from 2-

aminopteridin-4(1H)-one. Pterins can be found in many biological systems playing various 

roles such as pigments in insects, and enzymatic cofactors for redox and one-carbon 

transfer reactions (1, 2). Under UVA excitation (320–400 nm), pterins can fluoresce, 

undergo photooxidation, and generate reactive oxygen species (ROS) (3, 4). In the presence 

of oxygen, pterins are involved in both type I and type II photosensitized oxidation 

reactions (5), inducing DNA damage and the photoinactivation of enzymes and bacteria (6-
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8). In addition, natural pterins are able to photooxidatively damage membranes although 

not through intercalation, as they readily passed through membranes (9). In view of this last 

point, we have been interested in creating pterins for better photooxidation control within 

membranes.

Interestingly, native pterins are also difficult to solubilize. They have sparing 

solubility in water, and are almost insoluble in organic solvents, which has been a drawback 

in pterin research. In order to help solve these solubility problems and their general lack for 

membrane intercalation, we recently reported on a decyl chain alkylation reaction to reach 

O- and N-decyl-pterins 1-4, as shown in Figure 1. The O- and N-sites refer to the O4- and 

N3-positions where the decyl chain added to the pterin. Here the origins in the alkylation 

reactions were determined O- and N-sites with a kinetic preference for the former (10, 11). 

Such O- and N-alkylation led to increased organic solvent solubility and enabled membrane 

binding, but perturbed the pterin core by removing its natural acid-base equilibrium (Figure 

1). The applicability of the long alkane chain attachment to membrane binding seemed 

clear to us. Long alkyl chains in such compounds are flexible and chain folding can also 

occur due to its high conformational freedom. It is known that alkane chains can coil back 

via gauche interactions at the expense of all-trans interactions (12). However, most 

importantly, chain alkylation of pterin facilitated their intercalation in large unilamellar 

vesicles (LUVs). Of particular interest was that a decyl chain pterin not only efficiently 

peroxidized lipids, but that phospholipid of the membranes were also chain-shortened 

thereby highly destabilizing the LUVs (13). But membrane binding functionality is just one 

of three other facets on our mind for pterins.

Over the past 6-8 years, “smart” compounds that possess dual fluorescence sensing 

and singlet oxygen sensitizing properties have become a hot topic (14-16), with success 

reported in dual function image-guided and photodynamic therapy applications (PDT) (17-

25). Indeed, our previous O- and N-decyl-pterins possessed good singlet oxygen quantum 

yields (∆), but had poor fluorescence quantum yields (F) some 4-30 fold less compared 

to native pterin, thereby fulfilling only two of three facets, even though a minor 

fluorescence increase was observed when intercalated in the membrane (10). As a result, 

we surmised that the low F was related to the position of the alkylation, as the chain is 
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attached to the aromatic ring, significantly reducing their capacity as fluorescent imaging 

probes in lipid membranes.

Therefore, we have begun to explore pterin-6-carboxylic acid (Cap) as a starting 

reactant, which provides a carboxyl handle to attach the alkyl chain presumably without 

significantly affecting structure of aromatic heterocyclic ring. The new compound obtained, 

CapC, contains a condensed DMF molecule, which is structurally similar to biguanide 

compounds bearing R2N-C(NH)-NH-C(NH)-NH2 groups used for the treatment of cancer 

and for immunosuppression (26-29).

To our knowledge, no previous synthesis has been reported for functionalizing the 

pendant carboxylic acid group of Cap. Thus, we report on CapC’s (i) synthesis and 

characterization, (ii) fluorescence and 1O2 quantum yields, and (iii) computed solubility and 

membrane binding. The synthetic reaction to form a covalent bond to the carboxylic acid 

group of Cap is new. CapC is also the only pterin compound yet known for trimodal 

functionality. Trimodal functionality is intended to mean a triple-function for favorable 

membrane intercalation as well as fluorescence emission and singlet oxygen production, 

which is elucidated below.

<Figure 1>

MATERIALS AND METHODS

Chemicals. Pterin-6-carboxylic acid (Cap), 1-iododecane, potassium carbonate (K2CO3), 

sodium chloride (NaCl), sodium sulfate (Na2SO4), N,N-dimethylformamide (DMF), 

dichloromethane (DCM), deuterated dimethyl sulfoxide (DMSO-d6, 99.5%) and L-α-

phosphatidylcholine from egg yolk (eggPC) were obtained from Sigma and used as 

received. Tris(hydroxy-methyl)aminomethane (Tris) was provided by Genbiotech. 

Chloroform was from U.V.E., and acetonitrile and methanol were from J. T. Baker, HPLC 

grade. Water was purified with a deionization system.

Synthesis of decyl(E)-2-(((dimethylamino)methylene)amino)-4-oxo-3,4-dihydropteridine-6-

carboxylate (CapC). Potassium carbonate (7 mg, 0.05 mmol) was added to a solution of 

Cap (10 mg, 0.05 mmol) in DMF (12 mL). The mixture was sonicated and sparged with 

argon for 20 min. Then, 1-iododecane (50 µL, 0.25 mmol) was added to the solution. The 
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reaction mixture was placed in an oil bath and stirred at 95 °C for 48 h. The solution was 

cooled to room temperature, and the solvent was evaporated to dryness under vacuum 

providing a solid residue. This solid residue was treated with NaCl (s.s.) (40 mL) and then 

extracted with DCM (3 × 50 mL). The organic layers were separated, dried over Na2SO4, 

filtered, and evaporated to dryness. The crude residue obtained was purified by silica gel 

column chromatography to obtain 96% pure product (eluent: DCM 100% was followed by 

100→95% DCM/methanol mixtures). The product was further purified to obtain 99% pure 

product using a Shimadzu HPLC apparatus with PDA detector equipped with a Synergi 

Polar-RP column (ether-linked phenyl phase with polar end-capping, 150×4.6 mm, 4 μm, 

Phenomenex) for product separation. The mobile phase was methanol, and the runs were 

carried out with a flow of 0.3 mL min1. The compound was stored in solid state, at 4°C 

and in the dark. Yield: 8 mg (44%), purity 96%. Rf (methanol/DCM, 5:95 v/v): 0.48; tR 

HPLC = 10.3 min. 1H NMR (400 MHz, DMSO-d6): δ 12.22 (s, 1H), 9.20 (s, 1H), 8.89 (s, 

1H), 4.34 (t, J = 7 Hz, 2H), 3.26 (s, 3H), 3.13 (s, 3H) 1.75 (m, 2H), 1.30–1.51 (m, 14H), 

0.84 (t, J = 7 Hz, 3H). 13C NMR (100.6 MHz, DMSO-d6): δ 163.4(C), 161.3(C), 159.8(C–

H), 159.8(C), 157.9(C), 150.2(C–H), 137.2(C), 130.5(C), 65.3, 41.2, 35.2, 31.3, 28.9, 28.9, 

28.8, 28.7, 28.5, 25.8, 22.1, 14.0. HRMS (ESI): m/z calcd for C20H31N6O3 [M + H+] = 

403.2452, found 403.2460.

Absorption measurements. Absorption spectra were recorded on a Shimadzu UV-1800 

spectrophotometer, using quartz cells of 0.4 or 1 cm optical path length.

Nuclear magnetic resonance. 1H, 13C, 13C-APT and 2D NMR spectra were recorded on a 

Bruker 400 MHz NMR spectrometer. 13C-APT NMR was carried out based on the 

technique described elsewhere (30).

Mass spectrometry. The liquid chromatography equipment/mass spectrometry (LCMS) 

system was equipped with an UPLC chromatograph (ACQUITY UPLC from Waters) 

coupled to a quadrupole time-of-flight mass spectrometer (Xevo G2-QTof-MS from 

Waters) (UPLC-QTof-MS). UPLC analyses were performed using an Acquity UPLC BEH 

Shield RP18 column (1.7 μm; 2.1 ×100 mm) (Waters) and gradient elution starting with 

40% water and 60% of acetonitrile and finishing with 80% acetonitrile, at a flow rate of 0.2 

mL min-1. The mass spectrometer was operated in positive mode with a capillary voltage of 
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2.5 kV, the cone voltage of 30 V, the cone gas flow of 20 L/h, the source temperature set to 

130 °C and the desolvation temperature set to 450 °C.

Fluorescence measurements. Steady-state and time-resolved fluorescence measurements 

were performed at room temperature using a single-photon-counting equipment 

FL3TCSPC-SP (Horiba Jobin Yvon), described elsewhere (31). The fluorescence quantum 

yields (ΦF) were determined from the corrected fluorescence spectra using equation 1:

ΦF = ΦF
RI AR/IRA (1)

where I is the integrated intensity, A is the absorbance at the excitation wavelength (λexc) 

and the superscript R refers to the reference fluorophore. In our experiments, quinine 

bisulfate (Riedel-de Haën, Seelze, Germany) in 0.5 M H2SO4 (ΦF= 0.546) (32) was used as 

a reference. To avoid inner filter effects, the absorbance of the solutions, at the excitation 

wavelength, was kept below 0.10. Spectra were corrected for wavelength-dependent 

emission profiles with corrections factors supplied by the manufacturer and using the 

software FluorEssenceTM version 2.1 (Horiba Jobin Yvon).

Singlet oxygen measurements. For 1O2 detection the experiments were carried out at room 

temperature using acetonitrile as a solvent since the lifetime of 1O2 (τΔ) is long enough to 

detect it (33). The 1O2 emission in the near-infrared (NIR) region was registered using a 

NIR PMT Module H10330-45 (Hamamatsu) coupled to the equipment FL3 TCSPC-SP 

mentioned above, as described elsewhere (34). Corrected emission spectra obtained by 

excitation at 366 nm were recorded between 950 and 1400 nm, and the total integrated 1O2 

phosphorescence intensities (IP) were calculated by integration of the emission band 

centered at ca. 1270 nm. Quantum yields of 1O2 production (Φ) were determined as 

described in Ref. 10.

Computed partition coefficient. Octanol to water partitioning Log P were calculated with 

the MarvinSketch 17.1.2 (ChemAxon Ltd. Budapest, Hungary). Based on literature (35, 

36), the accuracy of the computed log P values are approximately ± 0.8.

Steady-state irradiation. Photolysis of compound CapC in different solvents was carried 

out irradiating in quartz cells (0.4 cm optical path length). One Rayonet RPR 3500 lamp 

(Southern New England Ultraviolet Co.) with emission centered at 350 nm [band width 

(fwhm) 20 nm] was employed as radiation source. The irradiance was 13 ± 1 W m-2, 
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calculated after measuring the incident photon flux density using Aberchrome 540 

(Aberchromics Ltd.) as an actinometer (37).

Preparation of LUVs. EggPC was dissolved in chloroform and dried under nitrogen stream 

were used to generate LUVs. LUVs were formed by hydrating in Tris buffer (20 mM, pH 

7.4). The samples were vortexed for a few minutes, followed by extrusion through a 100 

nm porous membrane (Avanti Polar). LUVs were kept at 4 °C prior used.

LUV binding constants. A titration method (38) was used to determine the binding constant 

(Kb). To a solution of the corresponding pterin derivative in buffer TRIS, gradually 

increasing quantities of eggPC LUVs were added. The mixture was shaken, incubated for 

~15 min and the fluorescence spectrum was recorded. Kinetic experiments were performed 

to ensure equilibrium conditions. Corrected fluorescence spectra obtained by excitation at 

360 nm were recorded between 390 and 600 nm, and the total fluorescence intensities (F) 

were calculated by integration of the fluorescence band between 410 and 600 nm. This 

parameter was then plotted on a graph against the lipid concentration and equation 2 was 

used to fit the data:

FL = F0 + (F∞ - F0) x [L]/(1/Kb + [L]) (2)

where the three values F0, FL and F∞ are the fluorescence intensity of the compound 

without lipid, with lipid at concentration L, and that which would be obtained 

asymptotically at complete binding, respectively; and [L] is eggPC concentration.

RESULTS AND DISCUSSION

Regioselective synthesis of CapC 

A mildly basic reaction condition (K2CO3) was used for the decyl chain alkylation of Cap 

in N,N-dimethylformamide (DMF) at 95 °C (Scheme 1). CapC was obtained as the major 

product in 44% yield along with other uncharacterized by-products. Cap has two ionizable 

protons, one at the carboxylic acid site (pKa1 = 3.1) and the other on the pterin amide group 

(pKa2 = 7.9) (3). The low pKa1 of Cap led to carboxylate anion formation for regioselevtive 

alkylation of iododecane at the carboxyl site. LCMS data suggested that CapC contained a 

single decyl chain and a condensed DMF molecule (MS calcd for C20H31N6O3 [M + H+] = 

403.2452, found 403.2460) (Figure S4).
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<Scheme 1>

Evidence for the structural assignment of CapC was acquired with 1H and 13C 

NMR. Interestingly, the 13C spectrum showed only seven aromatic signals, even though the 

compound has eight carbons that should appear in the aromatic region (100–200 ppm). 

Therefore, a 13C-APT NMR experiment was carried out to resolve possible peak overlaps 

(30). Figure 2a shows the expanded portion of 13C and 13C-APT resolving the peaks closely 

residing at 159.87 ppm (negative) and 159.85 ppm (positive), corresponding to C–H and 

quaternary C, respectively.

Further structural evidence for the decyl chain connection to Cap was obtained with 

HMBC spectroscopy. Figure 2b shows the expanded HMBC spectrum and the relationship 

between O–CH2 peak (4.34 ppm) and the aromatic carbons. The HMBC spectrum shows a 

single cross-peak, which suggests an exocyclic connection and rules out endocyclic 

connections (N1, N5, N8), leaving only a possible connection at “g” (N3 connection is not 

possible because a DMF molecule is condensed at that position). Elaborating on the DMF 

condensation, Scheme 2 shows our proposed mechanism for the formation of biguanide-

like portion of CapC from the condensation of a DMF molecule. Overall, the NMR and 

mass spectrometry evidence indicates that the decyl chain is attached to the carboxylic acid 

group of Cap and a DMF molecule is condensed at the N2 position.

<Figure 2>

<Scheme 2>

Absorption, fluorescence and 1O2 generating properties of CapC

CapC was dissolved in methanol/water 1:3 (v/v) and the absorption spectra were recorded 

at two different pH values, 4 and 11. Different spectra were detected for each pH (Figure 

3), thus revealing pterin acid-base forms. The basic form has a higher energy band blue-

shifted compared to the acid form (300 and 320 nm, respectively), while a lower energy 

band is red-shifted compared to the acid form (376 and 360 nm, respectively) (Figure 3). 

This spectral shifting pattern is typical of the aromatic water-soluble pterins (3) and was not 
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observed for O- and N-decyl-pterins 1-4 (10), since the alkylation to the amide group 

eliminated the acidic site. Therefore, these results offer further support for the structure of 

CapC as deduced by NMR analysis (vide supra); in which, the structure is capable of the 

acid-base equilibrium depicted in Figure 3.

<Figure 3>

Fluorescence properties of CapC were studied in acetonitrile solution. Acetonitrile 

was chosen in order to compare CapC’s fluorescence properties with the previously 

reported O- and N-decyl-pterins 1-4, also done in acetonitrile (10). CapC showed an 

absorption spectrum similar to the one previously observed for the acid form of CapC in 

methanol/water (Figure 4) In addition, fluorescence emission data were collected. 

Excitation at 366 nm of CapC in acetonitrile showed an emission maximum at 428 nm. 

Furthermore, the fluorescence quantum yield (ΦF) for CapC was determined to be 0.26 ± 

0.02, which was nearly the same to the ΦF previously reported for Cap in acidic media 

(0.28 ± 0.01) (3). Having the same ΦF might be attributed to the fact that CapC has the 

chain attached to the substituent group and not directly to the ring, thereby not affecting the 

chromophore directly. In contrast, previously synthesized decyl-pterins 1-4, which have the 

chain attached to the ring (10), have ΦF an order of magnitude lower than CapC. 

Fluorescence emission was also study using for CapC in methanol. Similar absorption and 

emission spectra were obtained compared to those in acetonitrile (see Supporting 

Information), although a red-shift of 22 nm in the emission spectra of CapC was observed, 

with an emission maximum at 449 nm. Moreover, ΦF was determined as 0.19 ± 0.02, which 

was slightly lower than that observed in acetonitrile.

<Figure 4>

Next, the photosensitized 1O2 production by CapC was investigated, using air-

equilibrated acetonitrile solutions and monitoring its near-infrared luminescence at 1270 

nm. Figure 5 shows the 1O2 emission that was detected for CapC when exciting at 366 nm. 

The 1O2 quantum yield (Φ∆) obtained was 0.40 ± 0.01, which is quite good and is similar to 
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the Φ∆ values reported for O- and N-decyl-pterins 1-4 (Φ∆ = 0.35 to 0.50) (10).

<Figure 5>

Photochemical and thermal stability of CapC

The photo and thermal stability of CapC was examined in methanol and aectonitrile. 

Samples were kept in the dark at room temperature (25°C) and then injected in HPLC at 

different times. Results showed that CapC is stable with no detectable thermal degradation 

products in both solvents for at least 5 h. CapC displayed good photostability in 

methanol/water (50:50 v/v) when exposed to UVA radiation (see Materials and Methods). 

A low consumption of 6% of CapC was observed in 2 h of irradiation (see Supporting 

Information), in agreement with the high stability observed previously with DMF 

molecule-condensed pterins 2 and 4 (10).

Computed solubility of CapC

The experimental and computational data showed that decyl chain alkylation of Cap led to 

a significant increase in organic solvent solubility. CapC was found to have high solubility 

in organic solvents, such as DCM, DMSO, DMF and methanol. Solubility was also 

evaluated by calculating P, the partition coefficient of a neutral pterin (Figure 6). Computed 

log P values, obtained with the ACD algorithm, were found to be -2.7 for Cap and 3.1 for 

CapC. The log P values of O-decyl pterins 1 and 2 are found to be higher than CapC and 

the N-decyl pterins 3 and 4. Theoretical calculation of energetics of the pterin headgroup 

interaction with water compared to interaction within the membrane to deduce hydrogen 

bonding and van der Waals interactions, respectively, could provide insight in future work. 

The energetics of the former would be expected to be larger since a number of hydrogen 

bonds are likely between water molecules and the pterin heterocycle, especially in the case 

of ionizable protons positions in the amine and carboxylic acid groups in native pterin and 

Cap.

<Figure 6>
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Membrane binding

To determine the binding constant (Kb) and therefore quantify the interaction of CapC with 

membranes (eggPC LUVs), titration curves at a constant concentration of compound and 

increasing concentration of lipid were carried out. The emission spectrum of the mixture 

corresponding to the maximum concentration of lipids used for the titration curve was 

monitored for up to 1 h and no significant changes were observed after 10 min of 

incubation, indicating that the system had reached the equilibrium. As a result, all 

measurements of the titration curves were performed after 15 min of incubation. As shown 

in Figure 8, the binding constant of CapC to eggPC LUVs was obtained by fitting the 

fluorescence intensity as a function of the concentration of the LUVs and the value of Kb 

obtained was 8 (± 2) × 103 M-1, which is in the same order of constants obtained for O- and 

N-decyl-pterins 1-4 (10) and other lipophilic compounds (38, 39). The pterin moiety in 

CapC has the capacity to form hydrogen bonds with the water phase, even though native 

pterin is sparingly soluble in water itself. Thus, the chain extension of CapC will intercalate 

in the membrane, but the pterin headgroup may be situated at the water-membrane interface 

in a partial water interaction.

Interestingly, the ΦF of CapC in LUVs was calculated at high concentration of lipid, 

where all compound intercalated in the membrane. The value obtained was 0.12 ± 0.05 

which is higher than the one obtained in neutral water (0.017 ± 0.006). This increase in the 

fluorescence emission when CapC is intercalated signifies it to be an improved fluorescent 

probe in membranes.

<Figure 7>

Summary

In summary, trifunctional uses for CapC have been found. CapC provides for 

simultaneous fluorescence detection, 1O2 production, and membrane localization. This is 

the first use of a pterin in a trimodal platform. As shown in Figure 8, CapC is reasonably 

efficient in converting absorbed light into fluorescence emission with F of 0.26 in organic 

media and F of 0.12 in LUVs benefitting from its solubility and acid-base properties of 

the pterin headgroup. The fluorescence discrimination of CapC with a lower F of 0.017 in 
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water is sensible due to sparing solubility thereby making it more prone to aggregation. The 

previously reported F for Cap in acidic media is 0.28 (3), compared to the much lower 

levels of F for O- and N-decyl-pterins 1-4 with values between 0.01 and 0.08 in 

acetonitrile (10) where the structure integrity for the acid-base (keto-enol/enolate) 

equilibrium is lost. Concomitantly, CapC retains a favorable ∆ of 0.40 in acetonitrile. This 

is a fairly good Δ and is comparable to quantum yields for O- and N-decyl-pterins 1-4 

which ranged between 0.35 and 0.50, in acetonitrile (Table 1) (10). Membrane uptake of 

CapC was evident with a good binding constant Kb in LUV’s of 8 × 103 M-1, which is good 

and parallels to other membrane binders such as phthalocyanines (Kb = 1-7 × 103 M-1) (40) 

and to some degree protoporphyrins bearing butyl and hexyl chains (Kb = 0.42 and 0.50 M-

1) (41).

<Figure 8>

<Table 1>

The analysis of CapC’s binding constant Kb and the ΦF:Φ∆ ratio of 0.26:0.40 results 

in a good triple function compound (Figure 8). A higher quantum yield ratio is yet to be 

achieved. A ΦF:Φ∆ ratio approaching 0.4:0.6 was achieved by Arnaut et al. (42), even 

beyond net unity is theoretically possible, such as systems involving quantum chain 

reactions, as reported for photodecarbonylations by Garcia-Gariby et al. (43). Here, 

predictive tools would be useful, but are generally lacking, although correlations between 

computed close HOMO and LUMO energy levels (low HOMO-LUMO gaps), as well as 

the energy gap between S1 and T1 (44) and the use of Hammett constants (45) are important 

in designing fluorescent compounds and compounds prone to S-T intersystem crossing. 

Such information could provide predictive insight to design joint fluorescent and triplet 

sensitizer by structure-properties relationships of analogous compounds (46-48). 

Compounds and nanoparticles that can achieve high quantum yields of fluorescence and 

high 1O2 quantum yields are of recent interest in image-guided PDT (49, 50). Pterins have 

not yet been shown to be useful in this capacity in part due to their poor absorption of light 

in the visible and NIR. There is also wide interest in individual areas of highly emissive and 

amplified fluorescence materials (51-53), as well as, sensitizers producing high yields of 

1O2 (54, 38). In our case, inroads have been made in the synthesis and characterization of 

CapC as a new lipophilic pterin in developing a self-monitoring fluorescent compound in 
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the sensitized destruction effect upon delivery into the membrane.

CONCLUSION 

In conclusion, we have synthesized and photochemically characterized CapC as a new 

lipophilic pterin that has the long alkane chain attached to the carboxyl group. We have 

considered how “distal” attachment of the alkane chain through the pendent carboxyl group 

provides easy access to a lipophilic pterin, and leaves the pterin ring system less perturbed, 

which is unlike the previously reported O- and N-decyl-pterins 1-4 (10, 11). Namely, the 

acid-basic basic (keto-enol/enolate) equilibrium [N-C(=O)-NH ↹ N-C(OH)=N ↹ N-C(O–

)=N + H+] of water-soluble (albeit sparingly water-soluble) portion of the pterinhead is 

preserved in CapC. For the alkaline form of CapC, the absorption tail is slightly extended 

into the visible region. In contrast to O- or N-decyl-pterins, CapC contains a relatively good 

fluorescence emission, and also retains triplet sensitization properties for a good quantum 

yield of 1O2 production. Regarding lipophilicity, computed log P showed a value higher 

than Cap, and slightly lower than N-decyl-pterins, but slightly higher than the O-decyl-

pterins perhaps due to a balance of the removely connected decyl chain and retention of the 

polar amide C=O and NH groups. However, the covalent bond of the long alkane chain 

through an ester in CapC is less stable to hydrolysis compared to the ether and amine sites 

in the O- and N-decyl-pterins 1-4. Nonetheless, we show that the long alkane chain can be 

bound in CapC to efficiently intercalate in lipid membranes with a fairly high binding 

constant. 

Finally, the generation and study of the new CapC will enable further efforts to 

combine lipophilic candidates for action both as a good fluorophore and 1O2 sensitizer. The 

CapC structure will aid in the rational design of agents that can combine functions of a 

membrane fluorescent probe and a membrane photodamaging agent, to reveal pterin 

derivatives with more precise control over these functions. Thus far, the O- and N-decyl-

pterins (10, 11) and CapC relate to the alkyl chain locale, but are otherwise decyl-chain 

homologues. In the future, efforts could include generating pterins in screening techniques 

(e.g., high throughput screening) to better relate chain length and structural basis including 

even-odd carbon number effects causing membrane fluorescence and membrane photo-

destruction. 
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Tables

Table 1. Fluorescence and singlet oxygen production quantum yields of pterin derivatives. 

Compound

Fluorescence quantum 

yield

ΦF ± SD

1O2 quantum yield

Φ ± SD

Native pterin (basic form)a 0.27 ± 0.01 0.30 ± 0.02

Native pterin (acid form)a 0.33 ± 0.01 0.18 ± 0.02

Cap (basic form)a 0.18 ± 0.01 0.37 ± 0.02

Cap (acid form)a 0.28 ± 0.01 0.27 ± 0.03

CapC 0.26 ± 0.02 0.40 ± 0.01

1b 0.012 ± 0.002 0.50 ± 0.02

2b 0.078 ± 0.008 0.37 ± 0.02

3b 0.043 ± 0.005 0.36 ± 0.02

4b 0.076 ± 0.008 0.35 ± 0.01



This article is protected by copyright. All rights reserved

a Data from Ref. 3; b Data from Ref. 10

List of figure legends

Figure 1. Structure of native pterin with general numbering scheme, pterin-6-carboxylic 

acid (Cap), decyl pterin-6-carboxylate (CapC), O-decyl pterin 1, biguanide-like O-decyl 

pterin 2, N-decyl pterin 3, and biguanide-like N-decyl pterin 4. Acid-base forms of native 

pterin, Cap, and CapC, but unavailable in the O- and N-decyl pterins 1-4.

Scheme 1. Synthesis of CapC.

Figure 2. NMR spectra of CapC in DMSO-d6: a) expanded 13C and 13C-APT spectra 

showing two resolved peaks at 159.8 ppm, b) expanded 2D HMBC spectrum shows a 3JCH 

correlation between O–CH2 protons coupled to carbon “g” suggesting alkylation via 

carboxylic end.

Scheme 2. Proposed mechanism of condensation of the DMF molecule onto the decylated 

Cap to form the biguanide-like segment of CapC.

Figure 3. Absorption spectra of CapC in H2O/methanol 3:1 (v/v) at pH 4 (black line) and at 

pH 11 (red line) and proposed acid-base equilibrium in protic solvents.

Figure 4. Normalized absorption (orange line) and emission (blue line) spectra of CapC in 

acetonitrile (exc = 366nm).

Figure 5. Singlet oxygen emission spectra of CapC in acetonitrile (exc = 366nm).

Figure 6. Proposed approximate interaction of pterin heads at or above the 

water/membrane interface. Computed log P data is also shown.

Figure 7. Association curves for CapC in eggPC LUVs.

Figure 8. Plot comparing Cap, CapC, and O-decyl-pterin 1 binding constants (Kb) and 

quantum yields ΦF and Φ∆.
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