Available online at www.derpharmachemica.com

Frmei]

i; ;)
k ISSN 0975-413X DerPharmaChemica, 2021, 13(5): 7-10
CODEN (USA)Z PCHHAX (http://www.derpharmachemica.com/archive.html)

L ==l

Synthesis of 7- (Ethylaryl) Theophylline Dérivatives from Acyclovir
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ABSTRACT

In the search for new antiviral drugs, we decided to synthesize new acyclovir derivatives which are widely used in the treatment of Herpes. This
work consisted of exploring the positon-7 of theophylline by alkyl halides, which led to compounds 3a-b. The introduction of chloroaryl and thioaryl
groups on the latter allowed to obtain compounds 5a-c and 7a-b. The chemical structures of all synthesized compounds were determined by 1 H, 13
C NMR and electron impact mass spectrometry.
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INTRODUCTION

Theophylline is a heterocyclic compound, derived from purine [1]. It results from the combinationof a pyrimidine nucleus and an imidazole cycle. A
little work has been done on this heterocycle. This could be explained by its low solubility [2,3] in organic solvents. Studies have been made to
highlight a few main substitution sites at position 7, 8 and 9. The variations in these different positions allow to obtain theophylline derivatives [4].
Biologically, theophylline and its derivatives constitute a heterocyclic support for a few drugs such as Penciclovir ®, acyclovir®, Famciclovir® and
Valacyclovir® (Figure 1), which are antivirals [5] for the treatment of genital herpes [6] and other viruses.

In this work we make a contribution to the synthesis of theophylline derivatives by introducing alkoxylaryl and akylsulfanylaryl groups at position -

7 of acyclovir [7-11].
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Figure 1: Acyclovir and derivatives

MATERIALS AND METHODS

Due to its low solubility in organic solvents, the reactivity of theophylline vis-a-vis 2-chloroethanol and 1,2-dichloroethane has not been easy. This
led us to do a correlation study with the solvent (NaOH) and the yield (%). For this purpose, only concentrated sodium hydroxide (2N) 6.4% allows
to have a yield above 36%. In addition, the yield is increased around 80% by adding a catalyst such as tetrabutylammonium (TBA) in the 2N
sodium hydroxide solution at 3.2% The method used for the synthesis of compounds 3a-b consisted of reacting theophylline with 1,2-chloroethanol
(2a) and 1,2-dichloroethane (2b) in a 2N sodium hydroxide solution in the presence of 2% TBA at reflux. This allowed us to obtain 7- (2-
chloroethyl) theophylline with a yield of 88% and 7- (2-chloroethanol) theophylline at 86%. This work consisted of synthesizing 7N-theophylline
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derivatives by using coupling ethylthioaryl and ethoxymethylaryl groups. Thus, condensation of chloromethylaryl and thioaryl with compounds 3a
and 3b lead to the 7N-theophylline derivatives: To obtain compounds 5a-c, the synthesis provides for a nucleophilic substitution reaction which
consisted of reacting the chloromethylaryl group with compound 3a. This reaction took place in DMF in the presence of K2COzs. As for molecules
Ta-b, they were obtained by exploiting the nucleofuge characteristics of the chlorine atom of compound 3b and the nucleophile of the sulfur atom of
compound 4. Thus the mixture of 1.5eq of thioaryl4 and of the compound 3b at reflux in ethanol led to derivatives 7a-b.

Experimental Section

The Nuclear Magnetic Resonance (NMR) spectra of the *H proton (300-400 MHz) and those of the 3C carbon (75-100 MHz) were recorded on a
Briiker advance 300 device. Tetramethylsilane (TMS) is used as the internal reference for chemical shifts expressed in ppm. Mass spectra (MS)
were performed on an HP 5889A quadrupole spectrometer with electronic impact (IE) or chemical ionization (Cl). Melting points were determined
using a KOFFLER temperature graded bench (40°C-260°C). Dichloromethane, toluene, ethanol, ethyl acetate and hexane are distilled under
atmospheric pressure. The purifications by column chromatography were carried out on silica gel of Kieselgel 60 type (230-400 mesh-Merck).

General procedure for the synthesis of compounds 3

In a Bicol, 2 g (1.1 mmol) of theophylline are dissolved in 40 ml of a 2N sodium hydroxide solution (3.2%). The solution mixture is stirred for 15
minutes. Then, 5 ml of compound 2 and (0.2 eq) of tetrabutylammonium (TBA) are added. The reaction mixture is brought to reflux for 2 hours. At
the end of the reaction, a 10% hydrochloric acid solution is added to the reaction medium. After extracting with ethyl acetate, the organic layer is
dried over magnesium sulfate. The solvent is evaporated under reduced pressure and the crude product is purified by chromatography on silica gel
(Ethyl acetate / Hexane: 4/1).

7- (2-Hydroxyethyl) theophylline 3a

Yield: 86%: mp = 127°C; -RMN *H (400MHz, chloroform-d, & ppm): 3.35 (s, 3H, CH3); 3.54 (s, 3H, CH3); 3.87 (t, 2H, CH2); 4.42 (t, 2H, CH2);
7.9 (s, 1H, CH3).-RMN13C (chloroform-d, 5 ppm): 49.2 (N-CH3); 60.2 (CH2 - OH);-SDM: m / z = 225 (100%); 226 (15%); 224 (10%)

7- (2-Chloroethyl) theophylline 3b

Yield: 88%; mp = 160°C;-RMN *H (400MHz, chloroform-d, § ppm): 3.39 (s, 3H, CH3); 3.59 (s, 3H, CH3); 3.98-3.87 (m, 2H, N-CH2-); 4.57 (dd,
2H, CI-CH2-); 7.63 (s, 1H, N = CH); 7.92 (s, 1H, OH).; -RMN13C (chloroform-d, 6 ppm): 28.13 (CH3-); 29.98 (CH3); 43.38 (N-CH2-); 49.02 (-
CH2-CI); -SDM: m / z = 241.9 (10%); 243 (100%); 245 (40%).

7- (etoxymethylbenzimidazolyl) theophylline 5a

In a bicol, 0.2g (0.000893 mol) of 7- (2-hydroxyethyl) theophylline and 2.5 eq (0.00223 mol) of potassium carbonate are stirred
indimethylformamide (DMF) for 30 minutes.. Then, 1.2 eq of chloromethylbenzimidazole is added to the mixture mixture, followed by refluxing
for 3 hours. A 10% hydrochloric acid solution is added to the reaction medium after cooling to room temperature. The organic phase is extracted
with ethyl acetate and washed with salt water. The solvent is evaporated under reduced pressure. The crude product is recrystallized from a mixture
of solvent (ethyl acetate / Hexane 1/1).

yield = 87%; mp = 232-234°C.
7- (Ethoxybenzyl) theophylline 5b

In a bicol, 0.2g (0.000893mol) of 7- (2-hydroxyethyl) theophylline and 2.5 eq (0.00223 mol) of potassium carbonate are stirred in
dimethylformamide (DMF) for 30 minutes.. Then, 1.2 eq of benzyl chloride are added to the mixture mixture, followed by refluxing for 3 hours. A
10% hydrochloric acid solution is added to the reaction medium after cooling to room temperature. The organic phase is extracted with ethyl acetate
and washed with salt water. The solvent is evaporated under reduced pressure. The crude product is recrystallized from a mixture of solvent (ethyl
acetate / Hexane 1/1).

Yield = 75%; mp> 270°C.
7- (Ethoxy-3-nitrobenzyl) theophylline 5¢

In a bicol 0.2 g (0.000893mol) of 7- (2-hydroxyethyl) theophylline and 2.5 eq(0.00223 mol) of potassium carbonate are stirred in DMF for 30
minutes. Then, 1.2 eq of 3-nitrobenzyl chloride are added to the mixture mixture, followed by refluxing for 3 hours.. A 10% hydrochloric acid
solution is added to the reaction medium after cooling to room temperature. The organic phase is extracted with ethyl acetate and washed with salt
water. The solvent is evaporated under reduced pressure. The crude product is recrystallized from a mixture of solvent (ethyl acetate / Hexane 1/1).
Yield = 60%; mp> 270°C.

7- (Ethylthiobenzimidazolyl) theophylline 7a

In a Bicol, 0.322g (2mmol) of 7- (2-chloroethyl) theophylline are dissolved in 10ml of an ethanol solution. The solution mixture is stirred for 15
minutes. After adding 1.5 eq of 2-mercaptobenzimidazole the reaction mixture is brought to reflux for 4 hours. Cooling to room temperature, the
reaction medium is neutralized by adding a 5% sodium hydrogen carbonate solution (NaHCO3). The organic phase is extracted with ethyl acetate
and dried over magnesium sulfate. The solvent is evaporated off under reduced pressure and the crude product is purified by chromatography on
silica gel (Ethyl acetate / Hexane: 4/1).

Yield = 72%; Mp = 155°C.
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RMN *H (400MHz, DMSO-ds, & ppm) : 3,22 (s, 6H , -CHs- ) ; 3,74(dd , J=6.6,5.1 Hz, 2H, N-CH>-) ; 4,60 (dd, 2H, -CH2-S) ; 7,04 (dd, 2H, Ha) ;
7,32 (dd, 2H , Har) 7,96 (s, 1H, N=CH-): RMN 13C ( DMSO, & ppm ) : =27,56 (CHa-); 29,22 (CHa-) ;32,00 (N-CHz-) ;46,49 (-CH>-S) ;150( Car) ;
149,34( Car) ; 148,34( Cay).

7- (2-ethyltiophenyl) theophylline 7b

In a Bicol, 0.3 g (1.2397 mmol) of 7- (2-chloroethyl) theophylline are dissolved in 10 ml of an ethanol solution and stirred under magnetic for 15
minutes. After adding 1.5 eq of thiophenol the mixture is brought to reflux for 4 hours. The reaction medium is cooled and neutralized with a 5%
sodium hydrogen carbonate solution (NaHCO3). The organic phase is extracted with ethyl acetate and dried with magnesium sulfate. The solvent is
evaporated off under reduced pressure and the crude product is purified by chromatography on silica gel (Ethyl acetate / Hexane: 4/1).(Schemes 1-
3).

Yield = 77%; Mp = 120°C; 1H NMR (CDCI3, & ppm): 3.40 (s, 3H, CH3-); 3.49 (t, 2H, N-CH2-); 3.50 (s, 3H, CH3-); 4.43 (t, 2H, -CH2-S); 7.25 (m,
5H, HAr); 7.48 (s, 1H, N = CH-); RMRN 13C (CDCI3, 5 ppm): 29.73 (CH3-); 29.90 (CH3-); 34.65 (N-CH2-); 47.08 (-CH2-S); 126.75 (CAr);
127.50 (CAr); 128.89 (CAr); 129.05 (CAr); 130.17 (CAr); 133.95(CA).
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Scheme 1: synthesis of haloalkyltheophyllines
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Scheme 2: Synthesis of ethoxymethylaryltheophyllines
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Scheme 3: Synthesis of thioethylaryltheophyllines
RESULTS AND DISCUSSIONS

9 derivatives of 7- (ethylaryl) theophylline (3a-b, 5a-c and 7a-b) were synthesized. The reaction yields, the melting points, as well as the
spectroscopic data (1 H and 13 C NMR, MS) were determined. All these new theophylline derivatives are carried at position-7 with a thioalkylaryl
and ethoxymethylaryl chain. Analysis of the * H NMR spectra for compound 3arevealled the presence of two triplets § = 3.9ppm and § = 4.4ppm
which are attributed to the protons of the alkoxyl group. The analysis also revealled the disappearance of the proton signal from pyrrol nitrogen
which was around 12 ppm. However, we had no signal around 5ppm, which corresponded to the hydroxyl proton. This could be explained by the
use of deuterated methanol (CDsOD) as solvent for the * H NMR. As for the 13C NMR spectrum, it showed two significant peaks at § = 49.2ppm
and & = 60.2 ppm which indicated the presence of alkoxyl group (NCH2CH20H). Also the mass spectrum M + 1 as base peak had the value of m/ z
= 225, confirmed the mass of our expected compound. As for compound 3b, its mass spectrum gave a basic peak at m / z = 241.66 which
corresponded to the peak M + 1. This confirmed that the expected compound has been obtained. Compounds 5b-c had low solubility in organic
solvents. Consequently, its 1 H NMR spectrum had poor resolution. However, between & = 7ppm and & = 8ppm, there was a multiplet corresponding
to the aromatic protons. Compound 5a also had low solubility in most organic solvents. This made it difficult to produce the 1 H NMR spectrum,
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which affected the quality of the spectrum. However around & = 11 ppm, we noted the presence of a signal corresponding to the pyrrol nitrogen
proton of the benzimidazole nucleus. This major information confirmed the structure of the expected compound. As for compound 7a, Analysis of
the * H NMR spectrum in DMSO revealled the presence of two signals at 3.74 ppm and 4.60 ppm which could be attributed to the two methylenes
between nitrogen and sulfur (N-CH2-CH2-S). We also observed the presence of two important signals at 7.04 ppm and 7.32 ppm corresponding to
the four protons of the benzene nucleus of benzimidazole. On the 33C NMR spectrum, we noted the presence of two peaks at 32 ppm and 46.49 ppm
indicating the carbons of the ethylene group. This confirmed the formation of compound 7a. Compound 7b presented on its *H NMR spectrum, two
important signals at 3.5 ppm and 4.43 ppm corresponding to the protons of the two methylenes (N-CH2-CH2-S). We also observed the presence of
a broad multiplet around 7.25 ppm corresponding to the protons of the benzene aromatic nucleus. On the 3C NMR spectrum, we noted the presence
of two peaks at 6=29.73 ppm and 8=29.90 ppm which could be attributed to the carbons of the ethylene group. This confirmed the formation of
compound 7b.

CONCLUSION

This work allowed us to access by chemical synthesis new derivatives of theophylline, carried at position-7 with a chain thioalkylaryl and
alkoxylaryl. This could open investigation route towards the development of a chemical class of anti-infective.
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