Synthesis of cyclic and acyclic pyrimidine nucleosides analogues with anticipated antiviral activity
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Abstract 
A convenient method for preparation of cyclic and acyclic nucleosides was achieved by alkylation of 6-(2,4-dichlorophenoxy methyl)-pyrimidine-2,4-dione 1 with a variety of  acyclic and cyclic activated sugars namely; 2-acetoxyethyl acetoxymethyl ether 3, 2-(acetoxymethoxy)propane-1,3-diyldibenzoate 4, benzyloxymethyl acetate 5, 1-acetate-2,3,5-tri-O-benzoate--D-ribofuranose 12, 2-deoxy-3,5-di-O-p-chlorobenzoyl-D-ribofuranosyl chloride 13 and 1-bromo-2,3,4,6-tetra-O-acetyl--D-glucopyranose 14, respectively. Deprotection of the synthesized nucleosides was achieved by using methanolic ammonia. The structure of the newly synthesized nucleosides analogues were fully characterized by analytical methods (Mass, 1HNMR, 13CNMR, and elemental analysis).
 
Keywords: Pyrimidines, nucleosides, Vorbuggen and Niedball´s procedure, antiviral activity

1. Introduction

Recently modified nucleosides have been playing a vital and important role as therapeutic agents in the treatment of patients infected with different viruses including human immunodeficiency virus (HIV), herpes simplex virus (HSV), hepatitis B virus (HBV), hepatitis C virus (HCV) and cytomegalovirus (CMV) infections.1 According to U.S. Food and Drug Administration (FDA), many cyclic and acyclic nucleosides analogues like, 3`-azido-3`-deoxythymidine (AZT), 2`,3`-dideoxyinosidine (DDI),  2`,3`-didehydro-3`-deoxythymidine (D4T), 1-[(2-hydroxyethoxy)methyl]-6-(phenylthio)thymine (HEPT),  acyclovir, and penciclovir  (Fig. 1) are effective in treatment of various viruses.2



Figure 1: Some examples of cyclic and acyclic antiviral agents

Moreover, it is well known that functionalized nitrogen heterocycles play an interesting role in drug chemistry and therefore they have been intensively studied and used as scaffolds for searching and developing new drugs.3 Various heterocycles such as pyrimidine and heterocycls containing pyrimidine moiety represent an interesting class of nucleoside analogues which have a promising antiviral chemotherapy especially, a class in which the cyclic sugar residue is replaced with open-chain “acyclic” sugar moieties. Moreover, pyrimidines and heterocycles incorporating pyrimidine nucleus are of great interest because they constitute an important class of natural and non-natural products which possess diverse biological activities and medicinal applications.4 Additionally, pyrimidines skeleton is also present in many natural products such as vitamin B1 (thiamine) and a lot of synthetic compounds which possess a wide spectrum of biological activities including polioherpes viruses,5 diuretic, anti-HIV, cardiovascular,6 antibacterial,7-9 antifungal,10-11 antihypertensive,12 antipyretic,13 antiviral,14-15 antidiabetic,16 antioxidant,17-18 anticancer activities,19-20 antileishmanial,21 anti-inflammatory,22 analgesic,23 antiallerggic,24 anticonvulsant,25 antihistaminic,26 herbicidal,27 antidepressant,28 and also act as calcium channel blockers.29
For the design and search of new drugs, the development of hybrid molecules through the binding of various pharmacophores in one frame could lead to molecules with interesting pharmaceutical properties. Based on above information and in continuations of our interest in the synthesis of bioactive molecules derived from pyrimidine,15,30-32 our investigation aimed to synthesize new cyclic and acyclic nucleoside incorporating pyrimidine moiety hoping to increase its antiviral activities.

2.  Experimental
2.1. Chemistry

All the reagents were purchased from Sigma-Aldrich and the solvents from Merck and were used without further purification. Melting points were taken on a Apotec and are uncorrected.  NMR spectra were recorded on Bruker AMX400 and Bruker Current AV400 Data spectrometer (400 for 1H, 100.6 MHz for 13C). ESI mass spectra with a Finnegan Thermo Quest MAT 95XL spectrometer and FAB high-resolution (HR) mass spectra with a VG Analytical 70-250S spectrometer using an MCA method and poly (ethylene glycol) as support. The reactions were monitored by thin layer chromatography (TLC) analysis using silica gel (60 F254)-coated aluminium plates (Merck) which were visualized by UV irradiation (254 nm) and iodine vapours. Column chromatography was performed by using silica gel (60–120 mesh). All reactions were carried out under dry nitrogen. 6-(2,4-Dichlorophenoxymethyl)-2-oxo-2,3-dihydro-1H-pyrimidin-4-one 1 was reported according to our previous report.15

2.1.1. Preparation of Nucleosides 6, 8, 10, 11, 16, 15, 17 and 19

 A suspension of uracil 1 (10 mmol) and ammonium sulphate (10 g) in HMDS (50 mL) was stirred and refluxed for 4 hours.  HMDS in excess was evaporated under reduced pressure to give bis (trimethylsilyl) compound 2. A solution of acylated acyclic reagents (10 mmol); 2-acetoxyethyl acetoxymethyl ether 3, 2-(acetoxymethoxy)propane-1,3-diyldibenzoate 4, benzyloxymethyl acetate 5, 1-acetate-2,3,5-tri-O-benzoate--D-ribofuranose 12, 2-deoxy-3,5-di-O-p-chlorobenzoyl-D-ribofuranosyl chloride 13 and 1-bromo-2,3,4,6-tetra-O-acetyl--D-glucopyranose 14, in dry acetonitrile (30 mL) and tin (IV) chloride (2 mL) was individually added to the residue of 2 and stirred at -30 C for 24 hours. After addition of pyridine (4 mL) the mixture was filtered to remove inorganic materials. The filtrate was diluted with chloroform (40 mL).  The organic layer was washed with a saturated solution of sodium hydrogen carbonate (50 mL), followed by a 1N solution of hydrochloric acid (50 mL), then brine (50 mL) and water successively, dried over sodium sulfate anhydrous and concentrated to dryness under reduced pressure. The resulting crude nucleosides 6, 8, 10, 11, 15, 17 and 19 were separated by silica gel column chromatography (graduated mixture of ethyl acetate and pet. ether, 9:1) as white solid.

1-[(2-Acetoxyethoxy) methyl]-6-(2,4-dichlorophenoxy methyl) uracil (6) 

Yield 2.8 g  (70%), mp 166-168 C. 1H NMR (DMSO-d6, 400 MHz):  2.11 (s, 3H, COCH3), 3.83, 4.42 (t, 4H, OCH2CH2O), 5.45 (s, 2H, CH2 phenoxy), 5.62 (s, 2H, OCH2N), 6.10 (s, 1H, CH uracil), 7.48-7.90 (m, 3H, Ar-H), 12.50 (br s, 1H, NH). 13C NMR (DMSO-d6, 100 MHz):  20.9, 63.2, 65.1, 66.8, 72.1, 100.7, 115.9, 116.0, 122.9, 126.1, 128.6, 129.9, 151.5, 152.1, 162.7, 170.6. MS: m/z = 402 [M-1].  Anal. Calcd for C16H16Cl2N2O6: C, 47.66; H, 4.00; N, 6.95. Found C, 47.81; H, 4.09; N, 6.79.

2-[(6-(2,4-Dichlorophenoxy methyl)-2,4-dioxo-1-pyrimidinyl) methoxy]-1,3-propanediyl dibenzoate (8)

Yield 4.3 g (73%), mp 162-164 C. 1H NMR (DMSO-d6, 400 MHz):  4.20-4.50 (m, 5H, 2CH2, CH), 5.11 (s, 2H, CH2 phenoxy), 5.41 (s, 2H, OCH2N), 5.62 (s, 1H, CH uracil), 7.10-7.93 (m, 13H, Ar-H), 12.10 (br s, 1H, NH). 13C NMR (DMSO-d6, 100 MHz):  64.1, 64.8, 71.3, 74.3, 100.6, 115.6, 122.8, 125.9, 128.4, 129.0, 129.5, 129.8, 133.8, 151.3, 151.7, 152.2, 162.5, 165.8. MS: m/z = 599.2 [M+]. Anal. Calcd for C29H24Cl2N2O8: C, 58.11; H, 4.04; N, 4.67. Found C, 58.24; H, 4.13; N, 4.53. 

1-(Benzyloxymethyl)-6-(2,4-dichlorophenoxy methyl) uracil (10)

Yield 2.8 g (69%), mp 114-116 C. 1H NMR (DMSO-d6, 400 MHz):  4.62 (s, 2H, CH2Ph), 5.25 (s, 2H, CH2 phenoxy), 5.45 (s, 2H, OCH2N), 5.81 (s, 1H, CH uracil), 7.28-7.81 (m, 8H, Ar-H), 12.01 (br s, 1H, NH). 13C NMR (DMSO-d6, 100 MHz):  64.8, 70.3, 71.5, 100.6, 115.6, 122.6, 125.7, 127.0, 127.7, 128.1, 128.2, 129.5, 137.3, 150.9, 151.5, 151.6, 158.8. MS: m/z = 407.2 [M+]. Anal. Calcd for C19H16Cl2N2O4: C, 56.04; H, 3.96; N, 6.88. Found C, 56.11; H, 3.87; N, 6.97. 

1,3-di(Benzyloxymethyl)-6-(2,4-dichlorophenoxy methyl) uracil (11) 

Yield 3 g (58%), mp 158-160 C. 1H NMR (DMSO-d6, 400 MHz):  4.43, 4.45 (2s, 4H, 2 CH2Ph), 5.24 (s, 2H, CH2 phenoxy), 5.34 (s, 2H, OCH2-N1), 5.46 (s, 2H, OCH2-N3), 5.91 (s, 1H, CH uracil), 7.25-7.67 (m, 13H, Ar-H). 13C NMR (DMSO-d6, 100 MHz):  65.1, 70.6, 71.4, 73.1, 100.2, 116.0, 122.9, 126.1, 127.7, 127.8, 128.1, 128.5, 128.6, 129.9, 137.7, 150.8, 152.2, 161.6.  MS: m/z = 527.3 [M+]. Anal. Calcd for C27H24Cl2N2O5: C, 61.49; H, 4.59; N, 5.31. Found C, 61.55; H, 4.51; N, 5.39.

1-(2,3,5-Tri-O-benzoyl-β-D-ribofuranosyl)-6-(2,4-dichlorophenoxy methyl) uracil (15)

Yield 4.5 g  (62%), mp 113-115 C. 1H NMR (DMSO-d6, 400 MHz):  4.31-4.40 (m, 2H, H-5`,5``), 4.51-4.60 (m, 1H, H-4`), 4.91(s, 2H, CH2 phenoxy), 5.71 (s, 1H, CH uracil), 5.90-6.11 (m, 2H, H-2`, H-3`), 6.40 (d, 1H, J = 9.10 Hz, H-1`), 7.10-7.98 (m, 18H, Ar-H), 12.01(br s, 1H, NH). 13C NMR (DMSO-d6, 100 MHz):  63.7, 65.7, 70.7, 73.8, 78.2, 98.0, 115.7, 122.9, 125.9, 128.6, 128.8, 128.9, 129.1, 129.5, 129.6, 129.9, 133.7, 134.0, 134.2, 151.1, 152.2, 162.5, 164.9, 165.1, 165.8. MS: m/z = 730 [M-1]. Anal. Calcd for C37H28Cl2N2O10: C, 60.75; H, 3.86; N, 3.83. Found C, 60.63; H, 3.94; N, 3.75. 

((2R,3S,5R)-3-(4-chlorobenzoyloxy)-5-(6-((2,4-dichlorophenoxy)methyl)-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)tetrahydrofuran-2-yl)methyl 4-chlorobenzoate (17)

Yield 3.9 g (58%), mp 85-87 C. 1H NMR (DMSO-d6, 400 MHz):  2.21-2.30 (m, 2H, H-2`,2``), 4.81-4.25 (m, 2H, H-5`,5``), 4.72 (m, 1H, H-4`), 4.90 (s, 2H, CH2 phenoxy), 5.40 (m, 1H, H-3`), 5.61 (s, 1H, CH uracil), 6.51 (m, 1H, H-1`), 7.10-8.00 (m, 11H, Ar-H), 11.93 (br s, 1H, NH). 13C NMR (DMSO-d6, 100 MHz):   66.4, 67.6, 74.9, 75.6, 79.5, 81.2, 82.3, 98.2, 102.9, 115.6, 128.5, 129.2, 129.8, 129.9, 130.6, 131.1, 131.4, 138.6, 150.4, 150.8, 151.1, 162.8, 163.0, 164.9. MS: m/z = 678 [M-2]. Anal. Calcd for C30H22Cl4N2O8: C, 52.96; H, 3.26; N, 4.12. Found C, 52.87; H, 3.31; N, 4.20. 

1-(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl)-6-(2,4-dichlorophenoxy methyl) uracil (19)

Yield 4.1 g (67%), mp 137-139 C. 1H NMR (DMSO-d6, 400 MHz):  1.80-2.10 (4s, 12H, 4COCH3), 3.31 (m, 1H, H-5`), 4.18 (m, 2H, H-6`,6``), 5.02 (m, 4H, H-3`, H-4`,CH2 phenoxy), 5.42 (dd, 1H, J1,2= 9.50, J2,3= 9.10 Hz, H-2`), 5.60 (s, 1H, CH uracil), 6.20 (d, 1H, J1,2 = 9.50 Hz, H-1`), 7.10-7.81 (m, 3H, Ar-H), 12.01 (br s, 1H, NH). 13C NMR (DMSO-d6, 100 MHz):  15.5, 20.2, 20.5, 20.7, 62.0, 65.2, 67.9, 73.0, 77.8, 79.5, 96.6, 99.1, 115.7, 122.9, 125.9, 149.8, 151.7, 152.1, 162.1, 162.7, 169.3, 170.3. MS: m/z = 617.3 [M+]. Anal. Calcd for C25H26Cl2N2O12: C, 48.64; H, 4.24; N, 4.54. Found C, 48.59; H, 4.31; N, 4.60. 

2.1.2. Preparation of Deprotected Nucleosides 7, 9, 16, 18 and 20; General Procedure

Each protected nucleoside was dissolved individually in methanol saturated with ammonia and stirred for two days at room temperature. Then the solution was concentrated to dryness and the residue recrystallized in methanol to give deprotected nucleosides 7, 9, 16, 18 and 20.

1-(2-Hydroxyethoxy methyl)-6-(2,4-dichlorophenoxy methyl) uracil (7)

Yield 3 g (83%), mp 228-230 C. 1H NMR (DMSO-d6, 400 MHz):  3.70, 3.76 (2t, 4H, HOCH2CH2O), 4.90 (br s, 1H, OH), 5.50 (s, 2H, CH2 phenoxy), 5.56 (s, 2H, OCH2N), 6.03 (s, 1H, CH uracil), 7.40-7.80 (m, 3H, Ar-H), 11.83 (br s, 1H, NH). 13C NMR (DMSO-d6, 100 MHz):  60.3, 65.0, 70.7, 72.2, 100.5, 116.0, 122.9, 126.0, 128.6, 129.9, 151.9, 162.7. MS: m/z = 360 [M-1]. Anal. Calcd for C14H14Cl2N2O5: C, 46.56; H, 3.91; N, 7.76. Found C, 46.62; H, 3.83; N, 7.84. 

1-[2-Hydroxy-1-(hydroxyl methyl) ethoxymethyl]-6-(2,4-dichloro phenoxy methyl) uracil (9)

Yield 3.2 g (84%), mp 190-92 C. 1H NMR (DMSO-d6, 400 MHz):   3.40-3.58 (m, 5H, 2CH2, CH), 4.53 (m, 2H, OH), 5.33 (s, 2H, CH2 phenoxy), 5.42 (s, 2H, OCH2N), 5.69 (s, 1H, CH uracil), 7.31-7.64 (m, 3H, Ar-H), 12.10 (br s, 1H, NH). 13C NMR (DMSO-d6, 100 MHz):  61.0, 65.1, 70.2, 80.6, 110.1, 115.4, 116.0, 122.8, 125.9, 128.6, 129.8, 151.9, 152.0, 152.2, 163.2. MS: m/z = 390 [M-1]. Anal. Calcd for C15H16Cl2N2O6: C, 46.05; H, 4.12; N, 7.16. Found C, 46.14; H, 4.20; N, 7.09. 

1-(β-D-Ribofuranosyl)-6-(2,4-dichlorophenoxy methyl) uracil (16)

Yield 2.7 g  (65%), mp 128-130 C. 1H NMR (DMSO-d6, 400 MHz):   3.40-3.44 (m, 2H, H-5`,5``), 3.58-3.60 (m, 1H, H-4`), 3.70-3.85 (m, 1H, H-3`), 4.10-4.25 (m, 1H, H-2`), 4.15 (d, 1H, OH), 4.60 (d, 1H, OH),  4.90 (s, 2H, CH2 phenoxy), 5.13 (m, 1H, OH), 5.72 (s, 1H, CH uracil), 6.08 (d, 1H, 7.75 Hz, H-1`), 7.20-7.62 (m, 3H, Ar-H), 11.91(br s, 1H, NH). 13C NMR (DMSO-d6, 100 MHz):   62.6, 65.7, 70.52, 71.1, 84.7, 87.7, 98.0, 115.6, 122.9, 125.8, 128.5, 129.0, 133.7, 150.6, 152.2. MS: m/z = 421.1 [M+2]. Anal. Calcd for C16H16Cl2N2O7: C, 45.84; H, 3.85; N, 6.68. Found C, 45.92; H, 3.93; N, 6.76. 

6-((2,4-dichlorophenoxy)methyl)-1-((2R,4S,5R)-4-hydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)pyrimidine-2,4(1H,3H)-dione (18)

Yield 2.8 g (69.7%), mp 195-197 C. 1H NMR (DMSO-d6, 400 MHz):   2.15-2.21 (m, 2H, H-2`,2``), 3.22-3.31 (m, 2H, H-5`,5``), 3.81(br s, 2H, 2 OH`s),  4.50 (m, 1H, H-3`), 4.80 (s, 2H, CH2 phenoxy), 5.08 (m, 1H, H-4`), 5.40 (s, 1H, CH uracil), 5.51 (m, 1H, H-1`), 7.06-7.70 (m, 3H, Ar-H), 12.10 (br s, 1H, NH). 13C NMR (DMSO-d6, 100 MHz):   61.7, 65.6, 71.5, 81.1, 86.0, 87.7, 98.3, 115.6, 122.9, 125.8, 128.6, 129.9, 150.1, 151.1, 152.2, 163.1. MS: m/z = 405.2 [M+2]. Anal. Calcd for C16H16Cl2N2O6: C, 47.66; H, 4.00; N, 6.95. Found C, 47.59; H, 4.05; N, 6.87. 

1-(β-D-Glucopyranosyl)-6-(2,4-dichlorophenoxy methyl) uracil (20)

Yield 2.5 g (55.7 %), mp 214-216 C. 1H NMR (DMSO-d6, 400 MHz):   2.80-2.90 (m, 1H, H-3`), 3.19-3.45 (m, 4H, H-4`, H-5`, H-6`,6``), 4.10 (dd, 1H, J1,2= 9.95, J2,3= 9.15 Hz, H-2`), 4.10 (m, 4H, 4OH`s), 4.71 (s, 2H, CH2 phenoxy), 5.30 (d, 1H, J = 9.95 Hz, H-1`), 5.55 (s, 1H, CH uracil), 7.02-7.55 (m, 3H, Ar-H), 8.20 (br s, 1H, NH). 13C NMR (DMSO-d6, 100 MHz):   61.4, 65.8, 68.4, 70.4, 78.3, 81.2, 83.3, 96.9, 99.1, 115.6, 122.8, 125.7, 128.6, 129.8, 152.2, 163.7, 166.5. MS: m/z = 451.1 [M+2]. Anal. Calcd for C17H18Cl2N2O8: C, 45.45; H, 4.04; N, 6.24. Found C, 45.51; H, 4.09; N, 6.17. 

3. Results and discussion

Our strategy to design and synthesize of pyrimidine nucleosides analogues was based on the alkylation of silylated pyrimidine following Vorbuggen and Niedball´s procedure.33-35 The intermediate, bis (trimethylsilyl) 2, was prepared from the silylation of 6-(2,4-dichlorophenoxy methyl)-pyrimidine-2,4-dione 1 using hexamethyldisilazane (HMDS) and subjected to react with different acyclic sugar analogues namely; 2-acetoxyethyl acetoxymethyl ether 3, 2-(acetoxymethoxy)propane-1,3-diyldibenzoate 4 and benzyloxymethyl acetate 5  to afford the corresponding protected nucleosides analogousness 6, 8 and 10, 11, respectively. (Scheme 1)

The structure of new acyclic nucleosides analogues were fully characterized by analytical and spectral methods (1HNMR, 13CNMR, and elemental analysis). The 1HNMR showed the disappearance of –NH proton which was detected at the parent 1 and instead a new signal appeared at the range δ = 5.34-5.62 ppm characteristic for (-OCH2N) indicated for the acyclic nucleosides formation. It is noted that, reaction of 2 with benzyloxymethyl acetate 5 afforded two products 10 and 11. 1HNMR showed the disappearance of the two -NH protons of 1 and a new signals appeared at 5.34 and 5.46 ppm attributed to (-OCH2N1 and (-OCH2N3), supported the formation of 11 via double alkylation of 2. (cf. Experimental)


Scheme 1. Acyclic nucleosides analogues containing pyrimidine moiety 6-11
[bookmark: OLE_LINK1]Deprotection of compounds 6 and 8 was achieved by cleavage of the ester blocking group with methanolic ammonia solution to give compounds 7 and 9 in fairly a moderate yield, respectively (c.f. experimental section). Continuation of our study, compound 1 was reacted with various of activated cyclic sugar namely; 1-acetate-2,3,5-tri-O-benzoate--D-ribofuranose 12, 2-deoxy-3,5-di-O-p-chlorobenzoyl-D-ribofuranosyl chloride 13 and 1-bromo-2,3,4,6-tetra-O-acetyl--D-glucopyranose 14 under the same procedure, giving the protected  nucleoside 15, 17 and 19 as a β-anomers. 1HNMR showed a doublet signal at δ = 6.20-6.51 ppm corresponding to the anomeric proton of sugar moiety with the spin-spin coupling constant (J1,2 = 9.10 - 9.50 Hz) which attributed to the diaxial orientation of H-1 and H-2 protons indicating the presence of β-configuration. Compounds 15, 17, and 19 were deprotected by using methanolic ammonia solution at room temperature to give compounds 16, 18, and 20, respectively. (Scheme 2)


Scheme 2. Synthesis of protected and deprotected cyclic nucleosides analougues 15-20

4. Conclusions

A series of cyclic and acyclic nucleosides was achieved in a moderate yields by alkylation of 6-(2,4-dichlorophenoxy methyl)-pyrimidine-2,4-dione with various acyclic and cyclic activated sugars by performing Vorbuggen and Niedball´s procedure. Deprotection of the synthesized nucleosides was achieved by using methanolic ammonia solution. The combination between pyrimidine moiety and cyclic and acyclic carbohydrate residue in one frame could lead to compounds with interesting biological properties.
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