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Abstract - A new synthesis for 7-glycosyl-theophylline from 6-amino-1.3-dimethyl- 

5-N-D-glycosylideneiminouracil and diethoxymethyl acetate is proposed. The 

structures of obtained theophylline nucleosides are described. 

Xanthines and xanthine nucleosides are compounds of an interest on account of their biological activity. 1 A 

number of alkylxanthines, such as theophylline and derivatives, became interesting as adenosine receptors 

antagonist.2 1.3-Dialkyl-7-ribosylxanthines has been found to be a partial agonist at A3 adenosine receptor.3 

Contrary to alkylxantine bases, their nucleosides are less studied both from the chemical and biological 

viewpoints. Our group has lately been concerned with the preparation of theophylline and thiotheophylline 

nucleosides. In previous works we synthesized 7-glycosyl-8-methyltheophylline, where sugar moieties 

attached to position 7 are D-gluco, ~ - g d a ~ t 0 , 4  ~-xylo,S D-arabino and D-rib06 derivatives. 

The preparation of 7-glycosyltheophylline has been canied out by several methods via condensation of the 

base and glycosyl derivatives since the first synthesis by Fischer.7 No alternative syntheses for consbuction of 

the base from either glycosyliidazole derivatives or glycosylaminopyrimidine derivatives have, to the best of I 

our knowledge, been reported to date. In this paper we propose a new synthesis for 7-glycosyltheophylline by 

constructing the purine ring from a diaminopyrimidine derivative. 

6-Amino-1.3-dimethyl-5-N-D-glucosylideneinouracil(1) has previously been used as starting material to 

prepare theophylline nucleosides: 8-(D-g1ucopentaacetoxypentyl)theophylline (4) was synthetized from 6- 

amino-1.3-dimethyl-5-N-D-(2', 3', 4'. 5 ' ,  6'-penta-0-acetyl)glucosylideneiminouracil (2),8 and 7-p-D-gluco 

pyranosyl-8-methyltheophylline (5) has been synthetized from 6-amino-5-(2', 3'. 4', 5'-teua-0-acetyl-N-p-D- 

glucopyranosyl)acetylamino-1,3-dimethyluracil(3).4 

Compound (3) is prepared by reaction of 1 with acetic anhydride in an acid medium.9 This reaction probably 

involves the initial attack of the elechophilic reagent (in this case CH3CO+) on N-5, followed by that of the 

hydroxyl group at C-5' on C-1' to close the sugar moiety into pyranose ring that is then thoroughly acetylated 

to 3. 

Diethoxymethyl acetate (DEMA) has been used to prepare 9-alkylpurines by reaction with 4-alkylamino-5- 

aminopyrimidine.lo Likewise carbocyclic nucleosides have been prepared from 5-amino-6-chloro-4- 
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cyclopentylaminopyrimidine.II Although compound (1) is not a diamino derivative, it can be expected that, as 

in acetylation in an acid medium, DEMA should react by initially attacking N-5 and then cyclizing the sugar 

moiety to the pyranose form, followed by attack of the amino group at C-6 on the formyl group at N-5 to close 

the imidazole ring and yield 7-glycosyltheophylline. 

Treatment of 1 with DEMA afforded 7-p-D-glucopyranosyltheophylline (6) in 60 90 yield, which is quite good 

taking into account that the starting material was obtained in almost quantitative yield from the readily 

accessible 5,6-diamino-1.3-dimethyluracil and the corresponding sugar. 

Mp and optical rotation of compound (6) are coincident with reported values. 12 The spectral data of 6 (mass 

spectrum, 1H-nmr, and 13C-nmr) also are in accord with the proposed structure. 

Treatment of 6 with acetic anhydride in pyridine afforded 7-(2',3',4',6'-tetra-0-acetyl-p-D-glucopyranosyl) 

theophylline (7). Mp, optical rotation, and 1H-nmr of 7 are coincident with reported values.l2.]3 

Similarly, 7-a-L-arabinopyranosyltheophylline (9) was obtained from 6-amino-l,3-dimethyl-5-~-~-arahino 

sylideneiminouracil(8). The structure of 9 was assigned on the basis of the spectral data (see Experimental). 

There are two salient features in the structure of 9, fist, the pyranose form of the sugar moiety, and second, 

the conformation of a-anomer ICq. Compound (8) can close the sugar either by attack of HO-C4' on C-1' to 

give a furanose form or by attack of HO-C5' to give a pyranose form. The chemical shift for C-4' (69.5 ppm) 

in the l3C-nmr spectrum indicates a pyranose form. The furanose form is excluded since the chemical shift for 
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C-4' must be between 82 and 88 ppm.14 On the other hand, J1.,2. (9.1 Hz) and J?..3. (9.1 Hz) indicate a t rms  

diaxial arrangement of H-1' and H-2' with the theophylline substituent equatoridly aanged.  These observed 

data therefore verify the a-configuration of a pyranose form with a 1Cq confo~mation for compound (9). 

Acetylation of 9 with Ac20 in pyridine yields 7-(2',3',4'-m-0-acetyI-a-L-arabinopyranosyl)theophylline (10). 

Wnmr, 13C-nmr, and mass spectra support the proposed structure (see Experimental). In Wnmr,  the signals 

corresponding to H-1' and H-2' protons, as in the gluco derivative(7). are broadened. The broadening effect 

arose from an equilibrium between two conformers owing to molecular crowding and restricted rotation about 

the glycoside bond.15 

Mps and optical rotations for 10  and 9 are consistent with those reported by Pryde and Williansl6 for the 

condensation product between tri-0-acetyl-L-arabinopyranosyl bromide and the silver salt of theophylline and 

its deacetyl derivative. Although they suggested the structure of 7-B-L-arabinopyranosyltheophylline, they 

provided no data about the configuration at C-1' and the conformation of sugar moiety. 

The reaction was also extended to the D-arabinosylideneimi~~o derivative. As expected, the physical data and 

spectra obtained were identical with those for the L-arabino derivatives except for the specific rotation which 

was of the same absolute value but opposite sign. 

In conclusion, a novel synthesis of theophylline nucleosides from 6-amino-l,3-dimethyl-5-~-~-glycosylidene 

iminouracil by treatment with DEMA was developed. Although the same reagent has been used to obtain purine 

derivatives from 5,4-diaminopyrimidines, imino groups had never been used. This method works because of 

the occurrence of a nucleophilic atom at suitable position for attacking the carbon atom of the imino group. 

EXPERIMENTAL 
Melting points were determined on a Gallenkamp instrument and are given uncorrected. Optical rotations were 

measured by using a Perkin-Elmer Model 241 polarimeter. Mass spectrometry was carried out on a HP-MS 

5988A instrument using the direct injection and electron-impact (EI) modes. The nmr specw were obtained on 

Bmker WP-200 SY instrument at 200 MHz for 1H and 50 MHz for I3C. IH Chemical shifts (SH) are given 

either relative to residual CHC13 (6 7.27) in deuteriochloroform or residual HOD (6 4.8) in dideuterium oxide. 

13C Chemical shifts (k) are given either relative to CDCI, (k 77.0) in deuteriochloroform or CD3COCD3 (k 

29.8) in dideuterium oxide. and were assigned by HCORR experiments. 
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7-13-D-Glucopyranosyltheophylline (6) 

Compound(1) (1 g, 3 mmol) was treated with 6 ml of DEMA at R.T. for 20 h. The reaction mixture was 

concentrated at a low pressure; then, 10 ml of water was added to the residue, followed by evaporation to 

dryness. The residue was treated with 20 ml of NaOMe-MeOH (0.05M) for 1 h and neutralized with IR 120 

resin. After filtration, the solvent was removed at a low pressure and the resulting white solid foam was 

recrystallized from ethanol to give 6 (620 mg, 60%). Mp 272-274 "C (lit.,ll mp 272-277 OC), [aID24 - 44' (c 

1, water) (lit.,ll [a]* - 45'). 

7-(2',3',4',6'-Tetra-O-acetyl-P-D-glucopyranosyl)theophylline (7) 

Compound(6) (200 mg) was dissolved in a freshly prepared solution of acetic anhydride (3 mL) and pyridine 

(1 mL). The reaction mixture was kept at room temperatnre for 24 h. The solvents were removed at a low 

pressure; then 5 mL of water was added to the residue, followed by evaporation to dryness. The same 

procedure was camied out twice with methanol in order to obtain a solid foam. Recrystallization from ethanol 

gave the title compound(7)(232 nig, 78%). Mp 145-147 OC (lit..'l mp 146-148 T ) ,  [a]$4 -17" (C 1 CHCI3) 

(lit.,ll [ a ] ~  - 17"). 

7-a-L-Arabinopyranosyltheophylline (9) 

Compound(9) was obtained from 8 following the same procedure described for 6. Yield 58%. Mp 280-283 

OC, [ a ] ~ ~ ~  + 37.5' (c 1, water). Ms (EI) mlz: 312 (M+, 7%), 180 (Th-H+, 100%). LH-Nmr (D20) 6: 8.3 (IH, 

s, H-8). 5.67 (lH, d, J 9.1 Hz, H-l'), 4.25 (lH, pt, J 9.1-9.1 Hz, H-2'). 4.10 (lH, m, H-4'), 4.05 (IH, dd, 

J 9.1-1 Hz, H-3'). 3.94-3.81 (2% m, H-5',, and H - 5 ' 4 ,  3.48 and 3.29 (6H. 2s. 2 N - m 3 ) .  13C-Nmr 

@O) 6: 155.7 (C-6). 152.5 (C-2). 149.1 (C-4), 142.3 (C-8), 107.0 (C-5), 85.7 (C-1'), 73.1 (C-3'), 70.1 (C- 

2'), 69.5 (C-4'), 68.9 (C-5'). 30.2 K&-Nl), 28.5 cHyN3).  

7-(2',3',4' -Tri-0-acetyl-a-L-arabinopyranosyl)theophYline (10) 

Compound(l0) was obtained from 9 followinf the wne procedul-e described for 7 Yield 80%. Mp 210-212 OC, 

[a l~25 +38S0(c 1, CHCI3). Ms (EI) mlz: 438 (M+, 8%), 259 (87%. uiacetylarabinose moiety), 180 ( Th-H+, 

37%). 157 (46%, 259 - C4H603). 139 (87%. 259 - 2AcOH). 97 (loo%, 139 - CH2CO). LH-Nmr (CDC13) 6: 

7.93 (lH, s, H-8), 6.07 (lH, bd, J 9 Hz, H-1'). 5.71 (lH, bt, J 9 Hz, H-2') [both broadened signals became 

narrower in the spectrum recorded at 313 Kl, 5.48 ( In ,  m, H-47, 5.21 (lH, dd, J 9-3 Hz, H-3'). 4.12 (1H. 

dd, J 9-1.5 Hz, H-5,,), 3.92 (IH, dd, J 9-0.5 Hz, H-54 ,  3.62and 3.43 (6H, 2 s, 2 N - m ) ,  2.21, 2.02 

and 1.92 (9H, 3 s, 3 C o r n ) .  13C-Nmr (CDC13) 6: 169.9-169.1 (3 GO-CH3), 154.8 (C-6). 151.4 (C-2), 

148.8 (C-4), 140.0 (C-8), 106.4 (C-5), 82.9 (C-1'). 70.9 (C-3'), 68.2 (C-2'). 67.8 (C-4'). 67.2 (C-5'), 29.9 

CH3-NI), 28.0 CH3-N3), 20.6-20.1 (3 CO-CH3). 
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Two confonners seem to be subject to less marked steric interactions about the dihedral angle r [H(l')- 

C(1')-N(7)-C(8)] viz. the syrr conformer, with r = 0" where H-1' and C-8 are in a syrt-coplanar 

arrangement, and anti conformer, with r = 180" where H-1' and C-8 are in an anti-coplanarlayout. 

Variable temperature IH-nmr experiments and molecular mechanics calculations confirmed the 

occurrence of two syn and anti conformers in a ratio of 20180 for both 7 and 10. A detailed study of 

this and others nucleosides will be published in the near future. 
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