
Digest Journal of  Nanomaterials and Biostructures             Vol. 6, No 3, July-September 2011, p. 1149-1160 
 
 

 
 

SPECTRAL AND QUANTUM-MECHANICAL CHARACTERIZATION OF  
7-[2-HYDROXY-3(-4-ACETYL-AMINO)-PHENOXY-PROPYL]-1,3 DIMETHYL 

XANTHINE DERIVATIVES  
 
 

M. AVADANEI∗

Xanthine (3,7-dihydro-purine-2,6-dione) is a purine base found in most human body 
tissues and fluids. The poly-substituted xanthines, collectively known as xanthenes, are a group of 
alkaloids commonly used for their effects as mild stimulants and as bronchodilators, notably in 
treating the symptoms of asthma. Active compounds of the xanthines type at the level of the 
central nervous [1-3], of the cardio – vascular [4-7] and the broncho – pulmonary systems [8-10] 
are known. Recently, actions of xanthines were evidenced at the level of the endocrine glands, the 
reproduction apparatus or at the gastro – intestinal tract [11-13]. The pharmacological activity of 
xanthine derivatives depends on both the substitution site and the chemical structure of the 
substituent. Thus, substitution at the 8-position of the purine ring has shown to dramatically 
increase the binding affinity to the human adenosine receptors subtypes [14-17]. The 1,3-
substituted xanthines are used as stimulants, phosphodiesterase inhibitors [18-19], as anti-
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In the search of improving the pharmacological properties of theophylline in the field of 
the bronchodilatory action, five new theophylline derivatives have been synthesized, 
starting from 8-substituted theophylline and a paracetamol derivative. The variety of 
radicals used as substituents, such as hydrogen, bromo, nitro, pyrrolidinyl, piperidinyl and 
morpholinyl has lead to different behavior of the obtained compounds as concerning the 
tracheal smooth muscle relaxation. The chemical structure was investigated by means of 
FTIR and 1H-NMR spectroscopy. The optimized geometry and the electro-optical 
characteristics have been determined using quantum chemical calculations in AM1 
approximation. The infrared spectral characteristics were compared to those obtained 
through computational approaches. The energetic characteristics of the compounds under 
study are relevant for both their chemical reactivity and biological action.  
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asthmatic drugs [20] or adenosine receptors antagonists [21]. One of the most prominent members 
of this class is theophylline (1,3-dimethylxanthine) whose bronchodilator action has been used in 
treating the acute and chronic asthma [20], [22] and the vascular diseases [21], and it behaves as a 
very efficient immunomodulatory [23] and anti-inflammatory drug [24]. However, there are 
adverse effects associated with theophylline’s use, such as tachycardia, agitation and occasionally 
seizures [25], as well as the central nervous system stimulation and gastric acid hyper secretion 
[26]. 

The improvement of theophylline properties continues to be a subject of intense research, 
originating in the need of enlarging the clinical applications and the library of its derivatives and, 
in addition, of counterbalancing its side effects. In our study, the 8-substituted theophyllines have 
been used as precursors in the preparation of new and selective bronchodilators, with enhanced 
effects than the parent drug. This task was accomplished by reaction with a paracetamol 
derivative, which is epoxy-propyl-acetaminophen. In such way, the special properties of 
theophylline are combined with the antipyretic, analgesic and anti-inflammatory effects of the 
acetaminophen [27-30]. The structural modifications of these new 7-[2-hydroxy-3-(4-acetyl-
amino)-phenoxy]-propyl]-theophylline derivatives were obtained by varying the substitution on 
the 8-position of the purine ring. The alteration of the chemical structure was investigated by FTIR 
and 1H-NMR spectroscopy. The spectral properties were used in conjunction with quantum 
chemical calculations of the geometry and electro-optical properties in order to obtain a complete 
characterization of these newly obtained compounds. 

 
2. Experimental 
  
2.1. Chemistry 
Theophylline, epichlorhydrin, sodium hydroxide and acetaminophen were purchased from 

the Aldrich Chemical Company and used without further purification. Melting points were 
recorded with a Pyrus Diamond DSC model power-compensated differential calorimeter (Perkin 
Elmer). Infrared spectra were measured on a Bruker Vertex 70 FTIR spectrometer, using the KBr 
disk technique. A minimum of 32 scans were signal-averaged at a spectral resolution of 2 cm-1. 
The 1H-NMR spectra were acquired in DMSO-d5 on a Bruker Advance DRX 400 spectrometer, 
operating at 400 MHz. 

 
2.2. Synthesis 
The designed compounds are the 8-substituted theophylline bearing in the 7-position an 

acetaminophen moiety linked via hydroxyalkyl chain. According to our previously described 
method [31–33], the synthesis of 8-substituted 7-[2-hydroxy-3-(4-acetyl-amino)-phenoxy-propyl)-
l,3-dimethyl-xanthine derivative was performed in three stages (Scheme 1). In the first stage, the 
p-hydroxy-acetanilide (paracetamol, (I)) was turned into phenoxy form (III) in alkaline medium. 
The second stage is the reaction of phenoxy form (III) with epichlorhydrin (IV). The reaction 
mixture was stirred at room temperature for 16 hours. It was obtained a white precipitate that was 
separated by vacuum filtration and then it was washed with water. Recrystallization from ethanol 
gave 7-(2,3-epoxy-propyl-oxy-acetanilide) (V) (paracetamol derivative) as a white solid 
compound, m.p. 116-117°C. In the third stage, the 7-(2,3-epoxy-propyl-oxy-acetanilide (V) reacts 
in mild conditions at the ethyl alcohol boiling temperature with the 8-substituted theophyllines 
(where the radicals are hydrogen, bromo, nitro, pyrrolidinyl, piperidinyl and morpholinyl) (VI-
XII). The reaction mixture was heated under reflux for 10 h and then the solvent was removed by 
distillation under reduced pressure to ¼ from initial volume. The rough products were separated by 
filtration under vacuum, dried and recrystallized from ethanol, yielding the theophylline 
derivatives XII-XVII.  
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Scheme 1. The synthetic route to the 8-substituted theophyllines 

 
3. Results and discussions 
 
3.1. Thermal analysis 
 
The chemical structures and the physico-chemical properties of the studied theophylline 

derivatives are presented in Table 1. As the melting temperature of theophylline is 274°C [31], this 
point dropped by substitution in the 7-position down to 204°C. The substitution of various R 
radicals on the 8-position influenced the melting point of the studied compounds, depending on the 
R-substitute polarity.  

 
Table 1. Structure, molecular weight and melting point of the studied theophylline derivatives 
Compound 

code 
R Molecular weight 

(g/mol) 
Melting point 

(°C) 
-H XII 387.41 204 
-Br XIII 466.31 219 

-NO2 XIV 432.41 208 

N

 

XV 456.46 267 

N

 

XVI 470.53 231 

N O

 

XVII 472.51 220 

 
The atoms of the compound XII are indexed as in Fig.1. 

 
Fig. 1. The spatial configuration of compound XII (C – red, N- yellow, H – black, O – blue) 
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 3.2. FTIR analysis 
 
FTIR and 1H-NMR spectroscopy have been used for characterizing the imidazole ring 

substitution, that is to say the spectra of the 8-substituted-7-hydroxy-3-(4-acetyl-amino)-phenoxy-
propyl]-l,3-dimethyl-xanthine derivatives (XIII – XVII) were compared with those of the 
unsubstituted molecule (XII). In spectral investigation, the structural features of the analyzed 
species could be divided into xanthine core modes, the modes arising from 2-hydroxy-3(-4-acetyl-
amino)-phenoxy-propyl radical substituted at the 7-position and those belonging to the groups 
substituted on the 8-position, respectively.    

The recorded FTIR spectra of the compounds XIII – XVII are presented in Fig. 2 in 
comparison with the parent compound, XII. The FTIR spectrum of XII has been analyzed on the 
analogy of that of caffeine, having the 1,3,7 – substituted purine ring in common with it. 
   The high frequency region, 3700 – 2700 cm-1, is associated with stretching vibrations of 
the type ν(OH) (around 3400 cm-1), ν(NH) (3320 cm-1), ν(=C-H) (3160 – 3020 cm-1), ν(CH2) and 
ν(CH3) (3000 – 2800 cm-1) from the 2-hydroxy-3(-4-acetyl-amino)-phenoxy-propyl radical. The 
ν(=C-H) (imidazole) at 3122 cm-1 and ν(CH3), observed at 2949 cm-1, are related to the purine 
ring. In the mid-frequency region, the dominant features are carbonyl absorptions, whose 
assignments in the caffeine spectrum are well established [34-35]. 
 

 
 

Fig. 2. FTIR spectra of the studied 8-substituted theophyllines; Comparison between the spectra of the 
parent compound, XII, and its derivatives, XIII – XVII 

 
The asymmetric stretching vibration of the isolated C2=O12 group occurs at 1695 cm-1, 

while the absorption band at 1658 cm-1 is due to the stretching vibration of conjugated carbonyl 
C6=O10  Fig. 2 (XII). It is to be noted that the latter absorption is split in two, due to the presence of 
the amide I band in the 2-hydroxy-3(-4-acetyl-amino)-phenoxy-propyl radical at 1665 cm-1. In the 
1615 – 1400 cm-1 domain, medium to strong bands (due to the imidazole, pyrimidine and phenyl 
ring stretching (ν(C=C) and ν(C=N)), respectively) are observed at 1549, 1511, 1477 and 1411 
cm-1. Additionally, the ν(C=C) from the phenoxy moiety is seen at 1603 cm-1 and the amide II 
band is overlapped by the purine ring stretching at 1549 cm-1. 

 The methyl asymmetric bending vibration is responsible for the bands at 1477, 
1458, 1432 and 1411 cm-1, with contributions from methylene scissoring and also imidazole and 
phenyl ring stretching. Within 1400 – 900 cm-1, medium bands are observed due to CH3 symmetric 
bending (1368 cm-1) and rocking (1288, 1228, 1194, 1066 cm-1), with contributions from the C-N 
stretching and bending modes in pyrimidine – imidazole fused rings and phenyl, as well as the 
CH2 twisting and asymmetric and symmetric stretching ν(=C-O-C=ring) (1244 and 1112 cm-1) in 
aromatic ether group, respectively. The bands bellow 900 cm-1 represent the in-plane and out-of-
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plane deformations occurring in pyrimidine, imidazole and phenyl rings, some of them involving 
simultaneous vibrations of these rings, in addition to C=O deformation and CH2 rocking. The band 
at 837 cm-1 may arise from the in-plane deformation in pyrimidine ring, while the absorption at 
749 cm-1 could be attributed to the in-plane deformation in pyrimidine and imidazole rings. The 
splitted band with maxima at 622 and 615 cm-1 describes the imidazole ring out-of-plane bending; 
therefore it could be sensitive to substitution. 

From the comparison of the FTIR spectra before and after substitution in the 8-position, 
several remarks could be drawn. The addition of a group in the place of the H atom does affect the 
imidazole ring vibrations and bring about new absorptions. Spectral changes are noticed by the 
disappearance of the various bands assigned to the un-substituted compound, XII, the most 
significant being that of the splitted band centered at 620 cm−1, for all the FTIR spectra of the XIII 
– XVII compounds. In the spectra of XIII (Fig. 2 (XIII)), an additional band assigned to =C-Br 
stretching vibration appears at 1058 cm-1. The nitro group in XIV (Fig. 2 (XIV)) showed up as two 
absorption bands at 1566 and 1315 cm-1, which could be attributed to the asymmetric and 
symmetric =C–NO2 stretching vibrations [36]. 

By introducing a pyrrolidine ring in the place of H36, the compound XV is obtained and its 
spectra presents the CH2 stretching at 2886 cm-1, and weaker bands attributed to C-N-C stretching 
at 1316 cm-1, C-C stretching at 1007 cm-1 and ring vibration at 923 cm-1, respectively (Fig. 2 (XV)) 
[37]. 

The FTIR spectrum of the pyrrolidine – substituted species (Fig. 2 (XVI)) is similar to that 
of piperidine – substituted compound, XVI, due to the resemblance of their structures. The CH2 
stretching vibrations can be observed at 2940 (asymmetric) and 2853 cm-1 (symmetric), while the 
scissoring CH2 vibration overlaps that attributed to methyl asymmetric bending and contributes to 
its enhancement. The bands at 1353 and 1298 cm-1 may originate from wagging and twisting CH2 
modes, respectively. The C-N-C stretching is located at 1315 cm-1 and the C-C stretching appears 
at 933 cm-1. 

In the FTIR spectrum of XVII (Fig. 2 (XVII)), the ring stretching vibration (mainly 
asymmetric ν(C-O-C)) in morpholinyl is observed at 1112 cm-1 [38] and the intense peak at 906 
cm-1 is attributed to the symmetric ν(C-O-C).  

 In addition to the observed changes in the FTIR spectra, which validate the 
substitution on C8, one may notice the asymmetry of the ν(C2=O12) band at 1695 cm-1, with a 
shoulder near 1703 cm-1. Studies on caffeine and caffeine hydrates have shown that the purine ring 
have a planar conformation [39] and could be involved in intermolecular hydrogen bonds of the 
type C8H36 ••• O12 [40] or in stacking associations by interplanar interactions [41]. These 
interactions are affecting directly the intensity and the position of the isolated carbonyl bond, 
therefore the frequency of the ν(C2=O12) is decreasing by 20 cm-1 by intermolecular bonding [33-
35] and is shifting to higher frequencies as a result of self – association [41]. 

The ν(C2=O12) is evident at 1693 cm-1 in non-associated caffeine and is found in our study 
at 1695 cm-1 for the parent compound XII. The FTIR spectra of the studied species XII – XVII 
show the shoulder near 1703 cm-1. In the case of pyrrolidine – substituted xanthine XV, the 
ν(C2=O12) is shifted to 1705 cm-1. The substituted species XIII – XVII resulted from replacing the 
H36 (see Fig. 1) and the ν(C2=O12) undergoes an upshift, so the intermolecular bonding is ruled 
out. The presence of the second band in the ν(C2=O12) absorption seems to suggest the self-
association of the molecules XIII – XVII, but further studies are needed. 

 

3.3. 1H-NMR analysis 
 
Figure 3 shows the 1H-NMR spectra of the un-substituted compound XII and its 8-

substituted derivatives, XII – XVII. The spectrum of XII (Fig. 3 (XII)) exhibits a multiplet in the 
region 3.9 – 4.5 ppm due to the protons in the epichlorhydrin fragment from the 2-hydroxy-3(-4-
acetyl-amino)-phenoxy-propyl moiety. The acetanilide fragment presents the proton resonances 
from the methyl group at 2.02 ppm (singlet) and that from the amide at 9.806 ppm (singlet), 
besides the two doublets observed at 6.9 and 7.48 ppm, which are assigned to the aromatic ring 
protons. The two singlets at chemical shifts of 3.40 and 3.169 ppm belong to the protons of the 1- 



1154 
 

 

and 3- methyl groups in purine ring, respectively. The singlet peak at 7.99 ppm due to the 
imidazole H36 proton in XII is absent in its derivatives XIII – XVII, thus indicating the 
substitution. 

 
 

Fig. 3. 1H-NMR spectra of the studied compounds 
 
In the 1H-NMR spectra of the 8-derivative xanthines, all the peaks originating from 2-

hydroxy-3(-4-acetyl-amino)-phenoxy-propyl moiety and pyrimidine ring are present at almost the 
same positions. In the spectrum of XV (Fig. 3 (XV)), the methylene protons in the 3- and 4- 
position of pyrrolidinyl gave a singlet at 3.3 ppm, while those bonded with the nitrogen atom 
resonate at 1.91 ppm. The resonances in piperidinyl moiety (Fig. 3 (XVI)) appear as a multiplet 
with chemical shifts of 1.45 ppm, (for two protons in the –CH2 group) and of 1.61 ppm for four 
protons in two adjacent CH2 groups. In the 1H-NMR spectrum of morpholine - substituted 
compound, XVII (Fig. 3 (XVII)) one may notice the quasi-triplets at 3.45 and 3.67 ppm, assigned 
to the protons in two methylene groups linked to the nitrogen atom, and to the oxygen atom, 
respectively. 

 
3.4. Molecular geometry and determination of the electro-optical parameters 
 

The molecular geometry of the six compounds studied in this paper was optimized with 
HyperChem8.0.6 [42] by AM1 procedure, the most accurate semi-empirical calculation method, 
This procedure solves the Schrödinger equation, with certain approximations, in order to describe 
the electron properties of atoms and molecules. To simplify and shorten these calculations, semi-
empirical methods make many simplifications, including: calculating only for valence electrons; 
neglecting the integrals for certain interactions; using standard, non-optimized, electron orbital 
basis functions; and using parameters derived from experiments. Experimental parameters 
eliminate the need to calculate certain quantities and to correct the errors resulting from 
approximations [28]. 
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Fig. 4. The AM1 optimized geometry of the parent compound, 7-[2-hydroxy-3-(4-acetyl-amino)-
phenoxy-propyl)-l,3-dimethyl-xanthine (XII) (C – light blue, N – blue, O – red, H – white). 

 
Table 2. Computed parameters of the studied molecules. 

 
Name 

Properties XII XIII XIV XV XVI XVII 

Total energy (E) (kcal/mol) -120579 -128408 -139725 -139384 -142983 -146771 
Dipole moment (p) (D) 1.50 3.29 4.20 2.66 5.54 4.15 
HOMO (eV) -9.068 -8.970 -8.580 -8.932 -8.745 -8.530 
LUMO (eV) -0.487 -0.837 -1.618 -0.420 -0.269 -0.469 
Surface area (Å2) 570.06 613.56 618.17 616.18 660.98 669.80 
Volume (Å3) 1071.35 1124.96 1124.45 1246.83 1313.07 1292.38 
Hidration energy (HE) 
(kcal/mol) -10.80 -11.3 -15.47 -9.05 -7.49 -11.21 

Log P -0.97 0.6 -0.53 0.46 0.63 -0.44 
Refractivity (R) (Å3) 99.60 106.99 105.64 118.83 124.69 121.62 
Polarizability (α) (Å3) 38.58 41.21 40.43 46.5 48.34 47.14 
Mass (amu) 387.40 466.29 432.39 456.5 470.53 472.5 

 
  

The results of the optimization of the compound XIII geometry is depicted in Fig. 4, from 
which one can see that the heterocycle of theophylline is parallel on the figure plane, while the 
plane of the aromatic ring of the paracetamol is tilted related to the first plane. 

Table 2 shows some electro-optical parameters of XII – XVII. One can notice the influence 
of the 8-substituted radical on the electric dipole moment of the molecules. It follows that 
particularly the presence of the oxygen atom produces large variations in the dipole moment value, 
being known that this parameter is very sensitive to the electronic charge distribution, derived 
from alterations of the chemical structure. From Table 2 it results that XII is the most stable 
compound, because it has the smallest electric dipole moment and the lowest HOMO value.  

Contrarily, the highest value of HOMO corresponds to the compounds XIV and XVII 
having Oxygen atoms in 8-substituted radical (see Table 1 and Fig.5).  
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Fig. 5 Absolute value of HOMO (eV) for the studied compounds computed by HyperChem6.0.8 

 
XII possess the smallest values of refractivity and polarizability, as it results from Table 2. 

The biggest values of refractivity and of polarizability correspond to the compound XVI. The 
compound XIV has the highest absolute value of the hydration energy and that is explaining its 
good solubility. 
Some molecular parameters can also be computed using Table 2 (see Table 3). The computed 

hydration energy (Table2) of the studied compounds fits linearly vs. electrophilicity index (ω ) 
(see Table3) defined by: 

  
h2

2µω =       (1) 

where the chemical potential (µ) was calculated with the formula: 
 

 
2

LUMOHOMO +
=µ      (2) 

 
and the molecular hardness (h) is expressed by: 
 

 HOMOLUMOh −=       (3) 
 
The smallest values for the hardness (Table 3) were obtained for compounds XIV and XVII with 
Oxygen atoms in the 8-substituted structure. 
 

Table 3 Chemical potential, hardness and electrophilicity index of the studied compounds estimated using 
data from Table 2 

 
 XII XIII XIV XV XVI XVII 

Chemical potential (µ) (eV) -4.78 -4.90 -5.10 -4.68 -4.51 -4.50 
Hardness (h) (eV) 8.58 8.3 6.96 8.51 8.48 8.06 

Electrophilicity (ω) (eV) 1.33 1.48 1.87 1.28 1.20 1.26 
 

From Tables 2 and 3 it results a linear dependence between the absolute value of the total 
energy E*10-5 (kcal/mol) and the polarizability α (Å 3) computed by AMI from Hyperchem8.0.6 
(SEE Fig.6). The points corresponding to the compounds having oxygen atom in molecule are 
deviated from the linearity in Fig. 6. The great electronegativity of oxygen decreases the molecular 
polarizability of the studied compounds.  
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Fig.6 Absolute value of total computed energy vs. molecular polarizability 

 
The chemical potential is related to the free energy corresponding to one molecule when it 

is into condensed state. In the graphs from Fig.7 of the computed molecular dipole moment vs. the 
chemical potential, the points are placed near two lines with different slopes. 

 
Fig. 7. Computed molecular dipole moments vs. chemical potential 

 
From Fig.7 it results an increase of the molecular dipole moment with the chemical 

potential for the compounds with atomic substituents in 8-position. Contrarily, if in the 8-position 
are polyatomic substituents, the molecular dipole moment decreases with the increase of chemical 
potential. 

 
Fig. 8 Electrophilicity index vs. hydration energy. 
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A linear dependence between the electrophilicity index and the hydration energy is also 
illustrated in Fig. 8. The highest deviation from linear dependence corresponds to the compound 
XVII. 
 The electronic charge near the atom O12 is smaller than the charge near O10 because in the 
molecular structure the groups C2=O12 is neighboring two atoms (N1, N2), while C6=O10 is 
neighboring of one N and one C atoms. The higher electronegativity of the N atom compared to 
that of the C atom explains this difference in the atomic charges. The atomic groups C6=O10 and 
C27=O28 are located near the similar covalent bonds (Fig. 1) and consequently are characterized by 
appropriate lengths of the chemical bonds (Table 4). The presence of the atomic groups C=O could 
lead to an increase in the solubility in water. 

 
Table 4. Bond lengths of the covalent bonds C=O. 

 
 XII XIII XIV XV XVI XVII 

C2 = O12 1.250 1.2495 1.2482 1.2507 1.2508 1.2502 
C6 = O10 1.2483 1.2465 1.2443 1.245 1.2482 1.2464 
C27 = O28 1.2473 1.2475 1.2443 1.2472 1.2436 1.2441 
 
The electronic charges on N7, covalently bonded with three carbon atoms, is smaller than 

the charge on N9, which have a double bond that hinders the negative charge delocalization. The 
electronic charge on carbon C8 neighbor to the substituted radicals changes its sign when passing 
from –H, -Br, -NO2 substitutes to cyclic substitutes. 

 
Table 5. Experimental and calculated frequencies of the IR bands for the un-substituted compound 

XII. 
Chemical bonds Wavenumber IR 

(cm-1) 
Calculated 

wavenumber (cm-1) 
O-H  3400  3434 
N-H 3320 3448 
C-H 3160-3020 3192-2969 
-CH3 2949 2969.8 

>C=C<N 1603 1626 
>C=N 1510 1576 

-NH-CO- 1610 1645 
-C-CH3 1368 1377.6 
 -CH2 2900 2969.8 

-CO-CH3 1350 1365 
-NO2 1566 1569 

 

 
Fig. 9. The simulated FTIR spectrum of the parent drug, XII. 
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The theoretical infrared spectrum (Fig. 9) was generated on the basis of the calculated 
vibration frequencies and afterwards it was compared with the experimental FTIR spectrum. The 
results presented in Table 5 show the shifts between the calculated and the experimental 
frequencies. The differences can appear due to the fact that the computed spectrum corresponds to 
an isolated molecule, while the experimental IR spectrum is recorded in KBr pills.  Generally, the 
values are overestimated and the larges deviations can be noticed for the stretching vibrations of 
the C=N and -NH-CO- bonds. 

 
4. Conclusions 

 
HyperChem 8.0.6 was used to establish the most stable conformation and the QSAR 

parameters of the studied molecules. A good correspondence between the computed and the 
experimental frequencies in IR spectra was obtained. Important deviations from the IR 
experimental spectrum were obtained for the intensity of the bands in computed one.  
 The chemical shifts (ppm) from 1H-NMR spectra are in accordance with the computed 
charges on the hydrogen atoms. 
 The computed molecular hardness, the electrophilicity index and the hydrophilicity are 
physical parameters very important for the biological activity of the studied compounds. This 
study could be used in medical applications of dimethyl xanthine derivatives in which the 
hydrophilicity and biological activity are of great importance. 
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