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&sm& Novel isomeric diioxynucleosides, with symmetry introduced at the 

2'-position (4'-position using normal nucleoside numbering) through the introduction 

of an additional hydroxymethyl group, have been synthesized. Both ( R )  and (S) 

enantiomeric series were investigated. The methodologies developed have generality 

and the presence of the hydroxymethyl group Vans to the base may be used to 

i n d u c e  a wide variety of functionalities at this position. 

The synthesis of novel modified dideoxynucleosides has received considerable attention in the last few years 

because of the potential of these types of compounds to inhibit the cytopathic effect of HIV, the etiologic agent 

of acquLed immunodeficiency syndrome (AIDS).~-3 In these modif~cations, the carbohydrate ring has been 

extensively studied in terms of alterations at the 2'- and 3'-positions. Much less attention has been focused on 4'- 

substituted deoxy- and dideoxynucleosides. However, recent work on 4'-substituted nucleosides as anti-HN and 

anti-HSV agents suggest that this family may have sigmlicant antiviral potential.4,5 For example, 4'-cyano and 

4-azido derivatives of some pyrimidine 2'-deoxynucleosides show high anti-HN activity with EC50 values in the 

low to sub micromolar range, but in some cases with considerable t o ~ i c i t ~ . ~ ' l  The 4'-modifications of guanine 

carbocyclic nucleosides have resulted in compounds with activity against HSV-1 and HSV-z.~ However, the 

synthesis of 4'-substituted dideoxynucleosides with isomeric modifications have not been investigated. 'I%% 

paper reports on the development of synthetic approaches to novel, optically active regioisomers of 4'- 

hydroxymethyl dideoxynucleosides (Scheme 1, stmctures A and B). Because of the symmetry introduced at this 

position (designated as the 2'-position in the new numbering), these molecules have only one asymmetric center. 
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Scheme 1. 

Synthesis of the (S)enantiomeric series of the 2'-hydmxymethyl isodideoxynuckosides bearing both p u ~ e  and 

pyrimidine bases (Scheme 2) will be illustrated with the preparation of 4(S)-[3,4-dihydro-2,4-dioxo-5-methyl- 

1(2H)-pyrimidinyl]tetrahydm2(s)-furanmehol (7, B =thymine). This compound was prepared by the 

glycosylation of thymine with the modified carbohydrate (4) which was derived from D-xylose (1) in the 

following manner. D-Xylose was protected as its bis-isopmpylidene derivative and specifically deprotected to 

produce 1.2-0-isopropylidene-D-xylose which was selectively 5-0-benzoylated, 3deoxygenated (using the 

Barton procedure) and converted into its methyl a c e d  (2). Demethoxylation of 2 by treatment with 

HMDQTMSCI followed by reduction with !xiethylshe in the presence of TMS hiflatell gave compound 

(3).12 The 4-(R)-hydmxyl group of 3 was tosylated to give 4 which was glycosylated with thymine in the 

presence of potassium carbonate and 18-crown-6 in DMF with heating to give deoxyisothymidine (5) (B = T). 

The suategy for the introduction of the hydroxymethyl group was through the aldehyde, using in tandem, an 

aldol and a Cannizzaro mction.5 The aldehyde (6) needed for these reactions was prepared by deprotection 

of 5 and oxidation of the resulting compound using Moffan conditions (DCC, DMSO, dichloroacetic acid). 

Aldol condensation of aldehyde (6) with formaldehyde, followed under the conditions of the reaction by a 

Cannizxaro rednction, yielded the desired target hydroxymethyldeoxyisothymid'm (7) (B = T). The structure 

of this compound was confirmed by uv, u, ms, optical rotation and nmr data Synthesis of the adenine analog 

was canied out using a similar approach. Dideoxyisouridine (7) (B = U) was converted to didwxyisocytidine 

via the hiazole derivative followed by a m m o n ~ l ~ s i s . ~ ~ ~ ~ ~  

The (R)-enantiomeric series (Scheme 3) was approached through the glycosylation of the desired nuclei acid 

base with the tosylate of modified carbohydrate (12) which was prepared from D-xylose (1). Thus, 1 was 

converted in several steps to 1.2-0-isopropylidene-3-dwxy-5-0-benmyl-Dxyo (10) which was 

debenzoylated and tosylated to yield 1,2-O-isopropylidene-3-deoxy-5-O-(p-toluenesuKonyl)-D-xylose (11).9912 
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Scheme 2. Reagenu and conditions: a, acetone, H2SO4, room temperature; h, 0.2% HCl, room temperature; c. 

BzCI, pyridine, -10 O C ;  d, 1.1'-thiocarbonyldiimidazole, 1,2dichlomethane, d u x ;  e, AIBN, Bu3SnH. toluene. 

reflux; f, HC1 (cat.), CH30H. g, HMDS, TMSCI, reflux; h, TMSOTf, (C2H5)3SiH, CH3CN, room temperature; 

i, TsC1, pyridine. 0 O C ;  j, nucleoside base, K2CO3, 18-crown-6, DMF, 75 OC; k, NaOCH3, CH30H. room 

temperature; 1, DMSO, K C ,  DCAA, room temperature; m, 2N NaOH, 37% aq. formaldehyde, 1,4-dioxane, 

mom temperature; n, t-C4H9(CH3)2SiCl, imidawle, DMF; o, 1,2,4-hiazole, POCl3, pyridiie, 0 OC; p, NH40H; 

q, (CzH5)4NF. CH3CN. room temperature (Bz = tenzoyl; AIBN = azobisisohutyronihile; HMDS = 1,1,1,3,3,3- 

hexamethyldisilazane; TMSCI = chlorotrimethylsiane; TMSOTf = himethylsilyl trfiuoromethanesulfonate; Ts = 

p-toluenesulfonyl; DMF = dimethylformamide, DMSO = dimethyl sulfoxide; DCC = 1.3- 

dicyclohexylcarbodiimide; DCAA = dichlomacetic acid). 
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Treatment of 11 with a 1% acetic acid methanol solution15 yielded the rearranged 2(R)-(dimethoxymethy1)- 

tetrahydrofuran-4-(5')-01 (12) which was subsequently tosylated to yield 2(R)-(dimethoxymethy1)-4(5')-[O-@- 

toluenesulfonyl)]tetrahydmfum. Coupling of the latter with adenine, thymine and uracil gave 4(R)- 

(nucleoside base)-2(R)-(dimethoxymethyl)teaahydmfuran (13). Hydrolysis of the dimethyl acetal using aqueous 

oxalic acid followed by a sequential aldol condensation and Cannizzm reduction of the resulting aldehyde gave 

the desired 4(R)-(nucleoside base)-2-bydroxymethyl-2-methanol (14). The cytidine analog was prepared 

from the uridine precursor in the same manner as described previously to produce 4(R)-[4-amino-2-oxo-l(2H)- 

pyrim~inyl]-2-hydroxymethyltetrahydr0-2-f (15). 

Scheme 3. Reagents and conditions: a, NaOCH3, CH30H. room temperature; b, TsC1, pyridine, 0 OC; c,  1% 

acetic acid/CH30H, 70 OC; d, TsCI, pyridine, room temperature; e, nucleoside base, K2C03, 18-crown-6, DMF, 

75 O C ;  f, O.lM oxalic acid, 80 OC; g, 2N NaOH, 37% aq. formaldehyde, 1.4-dioxane, room temperature; b, t- 

C4Hg(CH3)2SiCI, imidazole, DMF; i, 12.4-triazok. POC13, pyridine, 0 O C ;  j, NH40H, k, (C2Hg)qNF. 

CH3CN, room temperature (Ts =p-toluenesulfonyl; DMF = dimethylformamide). 

In summary, methodologies for the synthesis of isomeric dideoxynucleosides bearing an additional 

hydroxymethyl group have been developed. Emal target compounds of both the (R)- and (S)-enantiomeric 

families were synthesized and their structures confirmed by uv, nmr and elemental analysis data. Introduction of 

the additional hydroxymethyl group trans to the existing base allows entry to a wide variety of functionalities at 

this position (e.g. a - a d o ,  a-amino, a-halo, etc.). Further extension of these synthetic studies to other 

stereochemically defmed regioisomeric analogs and evaluations of biological activities are still in progress. 
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EXPERIMENTAL 

Melting points were determined on a Thomas-Hoover open stage melting point apparatus and are uncorrected. 

The 1H nmr were recorded on either a Bruker MSL 300, AC 300, or a WM 360 in CDC13 or Me2SO-dg. 

Chemical shift values are reported in 6, parts per million, relative to the internal standard. Elemental analysis 

were canied out at the University of Iowa on a Perkin-Elmer 2400 Series II Elemental Analyzer. Uv spectra 

were recorded on a Varian Cary 3 or a Gilford Response spectrophotometer. Optical rotations were measured 

on a Perkin-Elmer Model 141 polarimeter. Reparative layer chromatography plates were made from E. Merck 

PF254 silica gel. Tlc plates were visualized by ultraviolet absorbance or chaning for several minutes after 

exposure to either a 20% sulfuric acidhethan01 solution or a 12% phosphomolyhdic acidlethano1 solution. 

Hplc separations were carried out on Pbarmacia or Waters instruments at medium pressures using an Amberlite 

XAD-4 resin or Hamilton PRP-1 resin as the stationary phase and ethanoVwater as the mobile phase. 

General Synthetic Procedures (A-I). Procedure A: Glyfosylation reactions - S series. To a solution of 2- 

O-@-toluenesulfonyl)-3-deoxy-5-O-benwy1-D-ribitol (2.349 g, 6.240 mmol) in dry dimethylformamide (15 ml) 

was added potassium carbonate (1.725 g, 12.48 mmol), 18-crown-6 (1.649 g, 6.240 mmol) and nucleoside base 

(9.360 mmol). The resulting mixture was stirred at 70 OC for 20 h. The solvent was evaporated and tbe residue 

was purified on silica gel with chlomfom followed by 2% methanoVchlorofonn. 

Procedure B: D e p m t d o n  of benzoate. To a solution of 4(S)-(nucleoside hase)tetrahydro-2(S)-fum- 

metbylbenzoate (4.056 mmol) in anhydrous methanol (10 ml) was added sodium methoxide (0.329 g, 6.084 

mmol), the resulting solution was st imd a t  room temperature under nitrogen for 2 h. The solvent was 

evaporated and the residue was purified on silica gel with chloroform foUowed by 6% methanoVchlorofom. 

Procedure C: Oxidation of -CHzOH group. A solution of 4(S)-(nucleoside base)tetrahydro-2(S)-furan- 

methanol (1.007 mmol), dicyclohexylcarbodiimide (0.8311 g, 4.028 mmol) and dichloroacetic acid (0.0649 g, 

0.5035 mmol) in dimetbyl sulfoxide (10 ml) was stirred at room temperature under nitrogen for 24 h. The 

solvent was evaporated under reduced pressure and the residue was dissolved in petroleum ether (75 ml) and 

extracted with water (3 x 50 ml). The water layer was filtered and concentrated under reduced pressure and 

taken without further purification to procedure D. 
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Procedure D: AldoVCannizzaro reaclions. To a solution of 4(S)-(nucleoside hase)tetrahydro-2(S)-furan- 

methanal (1.007 mmol) in 1.4-dioxane (10 ml) was added a 37% solution of formaldehyde (0.3019 ml, 4.028 

mmol) and 2N NaOH (2.014 ml, 4.028 mmol). The resulting mixture was stirred at room temperature for 24 h, 

neutralized with 1N HCI, and the solvents were evaporated under reduced pressure. The residue was p ~ ~ e d  on 

silica gel with chloroform followed by 15% methanollchloroform. 

Procedure E: Protection by silylation A mixture of 4(S or R)-[3,4-dihydm-2.4-dioxo-l(2H)-pyrimidinyl]-2- 

hydmxymethyltetrahydm-2-furanmethanol (0.1783 g, 0.7357 mmol), ten-butyldimethylsilyl chloride (0.2439 g, 

1.618 mmol), and imidazole (0.1503 g. 2.207 mmol) in dimethylformamide (10 ml) was stirred at room 

temperature for 20 b. The solvent was evaporated and the residue was chromatographed on silica gel with 5% 

methanol/chloroform. 

Procedure F: Conversion of isouridine to ismytidine analogs. A nitrogen purged solution of 1,2,4-triaz.de 

(0.2265 g, 3.280 mmol) and phosphorus oxychloride (0.1257 g, 0.8200 mmol) in anhydrous pyridine (5 ml) was 

added dropwise to a 0 OC solution of 4(S or R)-[3,4-dihydro-2,4-dioxo-l(2H)-pyrimidinyl]-2- 

hydroxymethylterrahydro-2-foranmethanol--(te-hutyldimethylsilyl) (0.1930 g, 0.4100 mmol) in anhydrous 

pyridine (5 ml). The resulting mixture was wanned to room temperature and stirred for 5 h at which time 

ammonium hydroxide (3.5 ml) was added and stirred overnight. The solvent was evaporated and the residue was 

purified on silica gel with 2% methanollchloroform. 

Procedure G: Desilylation. The 4(S or R)-[4-amino-2-oxo-l(2H)-pyhi~myl]-2-hydroxpethyltet~ydm-2- 

fummethanol-di-(ten-butyldimethyIs'dy1 (0.1279 g, 0.2723 mmol) was dissolved in acetonitrile (5 ml) and 

tetraethylammonium fluoride (0.1219 g, 0.8169 mmol) was added and the mixture was stined at room 

temperature for 2 h. Water (5 ml) was added and stirring continued for 20 min. The solvents were evaporated 

and the residue was putitid by preparative tlc (30% methanollchloroform) and hplc (water) to provide the 

cytidine analog. 

Pmcednre H: Glycosylation procednre for R series. A mixture of 2(R)-(dimethoxymethy1)-4(S)-0-@- 

toluenesulfony1)teuahydrofuran (0.3479 g, 1.100 mmol), potassium carbonate (0.3041 g, 2.200 mmol), 18- 
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crown-6 (0.4388 g, 1.660 mmol), and nucleoside base (2.210 mmol) in dimethylformamide (5 ml) was stirred at 

75 OC for 20 h. The solvent was evaporated and the residue was chromatographed on silica gel with chloroform 

followed by 3% methanoUchloroform. 

Procedure I: Hydrolysis of dimethylaatal. A solution of (2R,4R)-[2-(dimethoxymethyl)te~ahydrof~ 

nucleoside (0.6800 mmol) in 0.1 M oxalic acid (50 ml) was stirred at 80 OC for 16 h. The mixture was 

neutralized with 2N NaOH and taken directly to procedure D. 

4 ( S ) - [ 3 , 4 - D i h y d r o - 2 , 4 - d i o x ~ . 5 - m e t h y l - 1 ( ~ 0 1  

(7, B = T). Glycosylation of thymine with 2-0-@-to1uenesulfonyI)-3-&oxy-5-0-benzol-Dl (4) by 

procedure A (29% yield) produced 4(S)-[3,4-dihydro-2,4-dioxo-5-methyl-1(2~-py~idinyl]te~hydr~2(S)- 

furanmethanol benzoate (5): IH Nmr (Me2SO-dg) 6 1.63 (s, 3H), 1.83 (m, lH), 2.50 (m, lH), 3.82 (dd, IH, 

J= 5.00, 9.59 Hz), 3.95 (dd, IH, J = 6.85.9.56 Hz), 4.19 (m, IH), 4.39 (dd, IH, J = 4.82, 12.20 Hz), 4.55 (dd, 

IH, J = 2.99, 12.23 Hz), 5.10 (m, IH), 7.39 (s, IH), 7.49 (m, 2H), 7.65 (m, IH), 7.94 (m, 2H), 11.26 (s, 1H); uv 

(EtOH) &, 271.5 nm. The protected isonucleoside was debenzoylated by procedure B (95% yield) to 

produce 4(S)-[3,4-dihydro-2,4-dioxo-5-methyl-1(2H)-pyrimidinyl]tetrahydro-2(S)-furanmethano (6) as a 

hygroscopic solid: IH Nmr (Me2SO-d6) 6 1.76 (s, 3H). 1.76 (m, IH), 2.38 (m, IH), 3.51 (m, IH), 3.63 (m, 

IH), 3.76 (m, 1H). 3.85 (m, 2H), 4.94 (t, IH, J = 5.68 Hz), 5.11 (m, IH), 7.61 (s, IH), 11.20 (s, IH). 4(S)- 

[3,4-Dihydro-2,4-dioxo-5-methyl-1(W)-pyrimidiny1ltetrahydr0-2(S)-furanmethanol was converted to 4(S)-[3,4- 

dihydro-2,4-dioxo-5-meth~l-1(2H)-pyrimidinyll-2-hydro~ymethyl~dro-2-f~eth0l (7, B = T) by using 

in sequence procedures C and D (45% yield, hygroscopic solid): [a]D25 + 45.30 (c 0.265, MeOH); 1~ mnr 

(Me2SOdg) 6 1.77 (s, 3H). 1.85 (dd, IH, J = 6.07, 13.46 Hz), 2.18 (dd, IH, J = 8.92, 13.32 Hz), 3.30 (m, 2H). 

3.42 (m, 2H), 3.80 (dd, 1H, J = 4.96, 9.57 Hz), 4.01 (dd, IH, J = 5.52, 12.37 Hz), 4.78 (br t, IH), 4.90 (br t, 

IH), 5.09 (m, IH), 7.65 (s, IH), 11.22 (br, 1H); uv (H20) &, 271 nm (E 8019). Anal Calcd for 

CllH16N205: C, 51.56; H, 6.29; N, 10.93. Found: C, 51.41; H, 6.39; N, 10.81. 

4(S)-[3,4-Dihydro-2,4-dioxo-1(w)-pyrimidinyI]-Zhydm~ymethyItetrahydr0-2-f~~anmethanol (7, B = U). 

Glycosylation of uracil with 2-O-@-toluenesulfonyl)-3-deoxy-5-O-benzoyl-D-nhitol (4) by procedure A (26% 

yield) produced 4(S)-[3,4-dihydro-2,4-dioxo-1(2H)-pyrimidinyl]tetrahydro-2(S)-furanmethanol benzoate (5): 
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IH Nmr We2SO-dg) 6 1.81 (m, lH), 2.50 (m, 1H). 3.86 (m, lH), 3.98 (m, lH), 4.20 (m, lH), 4.48 (m, 2H), 

5.10 (m, lH), 5.50 (d, lH, J = 6.16 Hz), 7.58 (m, 2H), 7.60 (d, lH, J = 6.09 Hz), 7.65 (m, lH), 7.95 (m, 2H), 

11.28 (s, 1H); uv (EtOH) & 265 nm. The protected isonucleoside was debenzoylated by procedure B (95% 

yield) to produce 4(S)-[3,4dihydro-2,4-dioxo-1(2H)-pyrimi~1~y1ltetrahydr0-2(S)-fumethanol (6): 1~ N m  

(Me2SO-dg) 6 1.72 (m, 1H). 2.40 (m, lH), 3.48 (m, IH), 3.63 (m, lH), 3.78 (m, lH), 3.86 (m, 2H), 4.91 (t, lH, 

J = 5.68 Hz), 5.09 (m, lH), 5.58 (d, lH, J = 8.09 Hz), 7.73 (d, 1H. J = 8.05 Hz), 11.23 (s, 1H). 4(S)-[3,4- 

Dihydm-2,4-dioxo-1(2H)-pyrimidinylltetrahydm-2(S)-fumethanol was converted to 4(S)-[3,4-dihydm-2.4- 

d i o x o - l ( 2 H ) - p y r i m i d i i n y l l - 2 - h y d m x y m e t h y l ~ o l  (7, B = U) by using in sequence 

procedures C and D (35% yield): mp 173 O C ;  [alD25 + 63.10 (c 0.070, MeOH); 1~ nmr (Me2SO-d6) 6 1.85 

(dd, lH, J = 5.55, 14.52 Hz), 2.21 (dd, lH, J = 9.32, 14.23 Hz), 3.31 (m, 2H), 3.41 (m, 2H), 3.79 (dd, lH, J = 

4.50, 10.01 Hz), 4.02 (dd, lH, J = 6.69, 10.41 Hz), 4.76 (br, lH), 4.85 (br, lH), 5.08 (m, lH), 5.58 (d, IH, J =  

7.86 Hz), 7.76 (d, lH, J = 8.00 Hz), 11.20 (s, 1H); uv (H2O) ?Q,= 265 nm (E 9644). Anal. Calcd for 

C10H14N205: C, 49.59; H, 5.83; N, 11.56. Found: C, 49.47; H, 5.92; N, 11.43. 

4 ( S ) - ( 6 - A m i n o - 9 H - p u l i r r 9 - y l ) - t h y d m x y m e t h y  (7, B = A). Glycosylation of 

adenine with 2-O-(p-toluenesulfonyl)-3-&oxy-5-O-benzoyl-D-nbil(4) by procedure A (65% yield) produced 

4(S)-(6-mino-9H-punn-9-yl)tetrahydro-2(S)-fumethol benzoate (5): 1~ Nmr (CDC13) 6 2.21 (m, 1H). 

2.82(m, 1Hh4.13 (dd, IH, J=6.00. 10.13Hz),4.30(dd, lH, J=3.06, 9.93 Hz),4.44(m,2H),4.59(dd, lH, J 

=3.01, 11.58 Hz), 5.31 (m, lH), 5.65 (br, 2H), 7.42 (m, 2H). 7.55 (m, lH), 7.89 (m, 2H), 8.02 (s, lH), 8.32 (s, 

1H). The protected isonucleoside was debenzoylated by procedure B (95% yield) to produce 4(S)-(6-mino-9H- 

purin-9-yl)teuahydm-2(S)-furanmethanol as a white solid: mp 180-182 O C ;  1~ mu (Me2SO-d6) 6 2.09 (m, 

lH), 2.58 (m, IH), 3.40 (m, lH), 3.58 (m, lH), 4.00 (m. 3H), 4.93 (t, IH, J = 5.63 Hz), 5.16 (m, lH), 7.21 (s, 

2H), 8.13 (s, Iff), 8.25 (s, 1H); uv (Hz01 ?. ,, 260 nm. 4(S)-(6-Amino-9H-pu~-9-yl)tevahydm-2(S)- 

furanmethanol was converted to 4 ( S ) - ( 6 - a m i n o - 9 H - p u r i n - 9 - y l ) - 2 - h y d m x y m e ~  (7, 

B =A) by using in sequence procedures C and D (13.6% yield): mp 195-196 OC; 1~ nmr (M~~so-d6)  6 2.23 

(dd, lH, J = 6.76, 13.00 Hz), 2.43 (dd, lH, J = 8.30, 13.16 Hz), 3.39 (t, 2H, J = 5.26 Hz), 3.44 (t, 2H, J = 5.26 

Hz), 4.05 (dd, lH, J = 6.08, 8.96 Hz), 4.21 (dd, lH, J = 6.38, 8.93 Hz), 4.83 (m, 2H), 5.12 (m, lH), 7.21 (s, 

2H), 8.13 (s, lH), 8.27 (s, 1H); uv (H2O) b, 258 nm (E 12625). Anal. Calcd for CllH15N503.H20: C, 

46.64; H, 6.05; N, 24.72. Found: C, 46.56; H, 5.89; N, 24.74. 
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4(S)-[4Amino-2-oxo-1(w)-pyrimidinyll-2-hyxymeyl@ydro-2-fmeanol (9). 4(S)-[3,4- 

Dihydro -2 ,4 -d ioxo -1 (2H) -pyr imdiny l l - 2 -hyxy ly2 -methano l (7 ,  B = U) was convened to 

4(S)-[3,4-dihydro-2,4-dioxo-1(~-pyrimidinyll-2-hy&oxpethyltetrahydro-2-furanmethano1-di-(1e~-b~tyl- 

dimethylsilyl) (8) by procedure E: 1~ Nmr (CDC13) 6 0.02 (s, 12H), 0.84 (s, 18H). 1.98 (dd, lH, J = 4.42, 

14.17 HZ), 2.44 (dd, 1H. J=9.32, 14.23 Hz), 3.48 (s, 2H), 3.61 (s, 2H), 3.86 (dd, lH, J = 3.06, 13.07 Hz), 4.17 

(dd, IN, J = 6.69, 10.38 Hz), 5.29 (m, lH), 5.69 (d, lH, J = 8.07 Hz), 7.68 (d, lH, J = 8.09 Hz), 8.42 (br, 1H) 

followed by procedure F to produce 4(S)-[4-mino-2-oxo-1(2H)-pyrimid'myl]-2-hydrox~ethyltetrahyd~2- 

fummethanol-di-(terl-buty1dhethylsilyl) (66% yield) as an oil: 1~ Nmr (CDC13) S 0.03 (s, 12H). 0.86 (s, 

18H), 1.92 (dd, lH,  J = 4.51, 14.47 Hz), 2.43 (dd, lH, J =8.94, 14.31 Hz), 3.48 (s, 2H). 3.64 (s, 2H), 3.87 (dd, 

lH, J = 2.60, 10.37 Hz), 4.17 (dd, lH, J = 6.41, 10.51 Hz), 5.40 (br, El), 5.67 (d, lH, J = 7.3 Hz), 7.22 (br, 

2H). 7.80 (d, lH, J = 7.31 Hz); uv (EtOH) A, 274 nm. The protected isocytidine analog was desilylated by 

procedure G to produce 4(S)-[4-amino-2-oxo-1(2H)-pyrimidinyl]-2-hydro~ymethylteuahydro-2-furanmethanol 

(9) (90% yield): mp 186-187 OC; [alD25 + 82.6O (c 0.118, MeOH); 1~ nmr (Me2SO-dg) 6 1.83 (dd, lH, J 

= 5.86, 13.33 Hz), 2.19 (dd, lH, J = 8.82, 13.32 Hz), 3.32 (m, 4H), 3.73 (dd, lH, J = 4.99, 9.31 Hz), 4.00 (dd, 

lH, J = 6.81, 9.42 Hz), 4.76 (br t, El), 4.81 (br t, lH), 5.10 (m, lH), 5.69 (d, IH, J = 7.36 Hz), 6.96 (br, 2H), 

7.69 (d, lH, J = 7.37 Hz); uv (H20) A man 273 (E 8295). And Calcd for C10H15N304: C ,  49.79; H, 6.27; N, 

17.42. Found: C, 49.92; H, 6.25; N, 17.23. 

4(R)-(6-Amin~9H-purin-9-yl)-2hydroxyme~yl@w~ydro-%fwmme~anol (14, B = A). 1.2-0-Isopm- 

pylidene-5-0-@-toluenesulfony1)-n-D-xylofuose (1.599 g, 4.860 mmol) in 1% acetic acidhethan01 (80 ml) 

was stirred at 70 OC for 70 h. After neuValizing the solution with sodium methoxide the solvent was evaporated. 

The residue was chromatographed on silica gel with 5% methanol/chloroform to give 2(R)- 

(dimethoxymethy1)tetrahydmfum-4(S)-01 in 80% yield (0.6300 g) as an oil: IH Nmr (CDC13) S 1.90 (m, 2H), 

2.78 (br d, lH), 3.38 (s, 6H), 3.69 (d, lH, J = 10.66 Hz), 3.85 (dd, lH, J = 4.20, 10.65 Hz), 4.19 (m, 2H), 4.41 

(m, 1H). To a solution of 2@)-(d'methoxymethy1)tetrahydmfum-4( (0.9580 g, 5.907 mmol) in pyridine 

(10 ml) was added p-toluenesulfonyl chloride (1.464 g, 7.680 mmol) and the mixture was stirred at room 

temperature for 47 h. The solvent was evaporated under reduced pressure and the residue was chromatographed 

on silica gel with hexane followed by 75% hexandethyl acetate to give 2(R)-(dimethoxymethy1)-4(S)-0-@- 

toluenesulfony1)tetrahydrofuran in 90% yield (1.681 g): 1~ Nmr (CDC13) 6 2.01 (m, 2H). 2.41 (s, 3H), 3.38 (s, 
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6H), 3.85 (m, IH), 3.91 (dd, IH, J = 4.19, 10.66 Hz), 4.14 (m, lH), 4.20 (d, IH, J = 4.73 Hz), 5.07 (m, IH), 

7.31 (m, 2H), 7.74 (m, 2H). 2(R)-@imethoxymethyl)-4(S)-O-(p-tOluen~ (0.3480 g, 

1.100 mmol) was coupled with adenine (0.2990 g, 2.200 mmol) to produce 4(R)-(6-amino-9H-purin-9-y1)-2(R)- 

(diiethoxymethyl)tetrahydrofum (13, B = A) by procedure H in 70% yield (0.2150 g): 1~ Nmr (CDC13) S 

2.24 (m, lH), 2.66 (m, IH), 3.46 (s, 3H), 3.38 (s, 3H), 4.09 (m, 3H), 4.48 (d, lH, J = 4.34 Hz), 5.28 (m, lH), 

5.69 (br s, 1H), 8.13 (s, lH), 8.33 (s, 1H); uv (?vleOH) &, 262.0 nm. 4m)-(6-Amino-9H-porin-9-y1)-2(R)- 

(dimethoxymethyl)tetrahydrofum (13, B = A) (0.151 g, 0.540 mmol) was hydrolyzed to 4(R)-(6-amino-9H- 

purin-9-y1)-2(R)-tetrahydrofumal by procedure I. The latter was convened to 4(R)-(6-amino-9H-purinurin9-yl)-2- 

hydmxymethyltetrahydro-2-furanmethmol(14, B = A) by procedure D in 30% yield: mp 202-203 OC; 1~ nmr 

(Me2SO-d6) 6 2.22 (dd, lH, J = 6.30, 13.11 Hz), 2.46 (dd, IH, J = 8.26, 13.82 Hz), 3.40 (m, ZH), 3.46 (m, 

2H),4.00(dd, lH, J=5.93,8.94Hz),4.21 (dd, IH, J=6.45, 8.99),4.90(brs, 2H), 5.12 (m, 1H),7.21 (s, ZH), 

8.13 (s, IH), 8.26 (s, 1H); uv (H2O) hrn 260 nm (E 12464). Anal. Calcd for CllH15N503: C, 49.80; H, 

5.7 1; N, 26.39. Found: C, 49.69; H, 5.75; N, 26.42. 

4 ( R ) - [ 3 , 4 - D i h y d r o - 2 , 4 - d i o x o - 5 - m e t h y l - l ( ~ 0 l  

(14, B = T). 2 ( R ) - ( D i m e t h o x y m e t h y 1 ) - 4 ( S ) - 0 - @ - t o l u e n e s  (0.6010 g, 1.900 mmol) was 

coupled with thymine (0.4790 g, 3.800 mmol) to produce 4(R)-[3,4dihydr0-2.4-dioxo-5-methyl-l(W- 

pyrimidinyll-2m)-(dimethoxymethyl)tetrahydrofum (13, B = T) by procedure H in 28% yield (0.1440 g): 1~ 

Nmr (CDC13) 6 1.87 (s, 3H), 1.93 (m, lH), 2.50 (m, IH), 3.43 (s, 3H), 3.46 (s, 3H), 3.80 (m, 3H), 4.46 (d, IH, 

J = 6.05 Hz), 5.28 (m, 1H), 7.45 (s, IH), 9.64 (s, 1H); uv (MeOH) & 269 nm. 4(R)-[3,4-Dihydro-2,4-dioxo- 

5-methyl-1(2H)-pyrimidinyll-2(R)-(dimeth0~ymethyI~te~ydr0f~m (0.1300 g, 0.4800 mmol) was hydrolyzed 

to 4 ( R ) - [ 3 , 4 d i h y d r o - 2 , 4 - d i o x 0 - 5 - m e t h y l - l ( ~  by procedure I which was 

used in the next step without purification. 4 ( R ) - [ 3 , 4 - D i h y d r o - 2 , 4 - d i o x o - 5 - m e t h y l - 1 ( 2 ~ ) -  

tetrahydrofuranal was converted to 4~)-[3,4-dihydro-2,4-dioxo-5-methyl-1(2H)-p~idinyl]-2-hydroxymethyl- 

te~ahydro-2-furanmethanol(14, B = T) by procedure D in 35% yield as a hygroscopic solid: [ajD25 - 52.20 (c 

0.255, MeOH); IH nmr (Me2SO-dg) 6 1.77 (s, 3H), 1.85 (dd, lH, J = 6.08, 13.40 Hz), 2.17 (dd, 1H. J = 8.90, 

13.30 Hz), 3.30 (m, 2H), 3.42 (m, 2H). 3.78 (dd, lH, 1 = 4.95,9.40 Hz), 4.00 (dd, IH, J = 5.48, 12.33 Hz), 4.77 

(m, lH), 4.89 (m, lH), 5.06 (m, 1H). 7.64 (s, IH), 11.20 (s, 1H); uv (H20) X,,,, 270.5 nm (E  9690). Anal. 

Calcd for CllH16N205: C, 51.56; H, 6.29; N, 10.93. Found: C, 51.38; H, 6.29; N, 10.83. 
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4(R)-[3,4-Dihy&o-2,4di0xo-1(2H)-p~&nyIl-2-hy&0~ymethyItetrahydro-2-f~~anmeU1anoI (14, B = 

U). 2 ( R ) - ( D i m e t h o x y m e t h y 1 ) - 4 ( S ) - 0 - @ - t o l u e n e s  (0.6700 g, 2.120 mmol) was coupled 

with uracil (0.4640 g, 4.140 mmol) to afford 4(R)-[3,4-diiydro-2.4-dioxo-1(2H)-pyrimidinyl]-2(R)- 

(dimethoxymethyl)teuahydmfum by procedure H in 20% yield (0.1090 g): IH Nmr (CDC13) 6 1.95 (m. 1H). 

2.56 (m, IH), 3.47 (s, 3H), 3.50 (s, 3H), 4.00 (m, IH), 4.50 (m, IH), 5.32 (m, IH), 5.76 (d, IH, J  = 8.07 Hz), 

7.68 (dd, IH, J = 2.22, 8.06 Hz), 10.10 (s, 1H); uv (MeOH) X,,,, 265 nm. 4(R)-[3,4-Dihydro-2.4-dioxo- 

1(2H)-pyrimidinyl]-2(R)-(dimethoxymethyl)teyo (0.3460 g, 1.420 mmol) was hydrolyzed to 4(R)- 

[3,4-dihydro-2,4-dioxo-1(2H)-pyrimidinyll-2(R)-tetrahydmf~~anal by procedure I which was used in next step 

without further purification. 4(R)-[3,4Dihydro-2,4-dioxo-1(2H)-pyrimidiny1]-2(R)-tetrahYdrof~anal was 

converted to 4(R)-[3,4-dihydro-2,4-dioxo-1(2H)-pyrimidyl]-2-hydroxpethylydm-2-fuetho (14, 

B = U) by procedure D in 40% yield: mp 172-174 OC; [ulDz5 -56.10 (C 0.57, MeOH); IH nmr (Me2S@d6) 6 

1.89 (dd, IH, J = 5.63, 13.55 Hz), 2.23 (dd, IH, J =  8.95, 13.52 Hz), 3.30 (m, 2H), 3.41 (m, ZH), 3.80 (dd, IH, 

J  = 4.45,9.68 Hz), 4.06 (dd, IH, J = 6.70, 9.79 Hz), 4.75 (t, IH, I = 5.75 Hz), 4.80 (t, IH, J = 5.75 Hz), 5.05 

(m, IH), 5.58 (d, IH, J  = 8.02 Hz), 7.75 (d, IH, J = 8.04 Hz), 11.23 (s, 1H); uv (H20) &ax 265 nm (E 9500). 

Anal. CalcdforC10H14N205: C.49.59; H, 5.83;N, 11.56. Found: C, 49.52; H, 5.86; N, 11.50. 

4 ( R ) - [ 4 - A m i n o - 2 - o x 0 1 ( u r ) - p y r i m i & n y l l - 2 - h y o x p e y l y d r o - f m e o l  (15). 4(R)-[3.4- 

Dihydro-2 ,4 -d ioxo- l (~ -pyr im'dmyl ] -2 -hyxymethy l teydro-2 -e tho l  (0.1140 g, 0.4690 mmol) 

was converted to 4(R)-[3,4-dihydro-2P-dioxo-1(2H)-pyrimidiny1l-di-(ten-buty1dimethykily1)-2-hydroxymethY1- 

tetrahydro-2-furanmethanol by procedure E in 83% yield: 1~ Nmr (CDC13) 6 0.07 (s, 12H), 0.90 (s, 18H), 2.01 

(dd, lH, J = 4.53, 14.48 Hz), 2.47 (dd, IH, J = 9.16, 14.16 Hz), 3.46 (s, ZH), 3.52 (d, 2H, I = 1.92 Hz), 3.85 

(dd, IH, J=3.15, 10.31 HzA4.15 (dd, IH, J=6.68, 10.33Hz), 5.01 (m, IH), 5.79 (d, IH, J =  8.06 Hz),7.67 

(d, IH, J = 8.10 Hz), 9.30 (s, 1H). 4(R)-[3,4Dihydro-2,4-dioxo-1(2H)-pyrimidinY1]-didi(ten-huty1dimethY~IY1)- 

2-hydmxymethyltetrahydro-2-furanmethanol was converted to 4(R)-[4-amino-2-0xo-l(WI)-pyrimidinyl]-~ 

butyldimethylsilyl)-2-hydroxymethylte~ydro-2-f~~methanol by procedure Fin 80% yield as an oil: 1~ Nmr 

(CDC13) 6 0.02 (s. IZH), 0.85 (s, 18H). 1.93 (dd, LH, J = 2.75, 14.02 Hz), 2.41 (dd, lH, I = 8.99, 14.06Hz). 

3.46 (s, ZH), 3.60 (s, ZH), 3.85 (d, IH, J  = 10.17 Hz), 4.14 (m, IH), 5.30 (m, IH), 5.70 (d, IH, J = 9.34 Hz), 

7.23 (s, 2H), 7.67 (d, lH, J = 9.38 Hz). 4(R)-[4-Amino-2-oxo-1(2H)-pydmidinyl]di-(ten-bu~ldimethyls~yl)-2- 

hydroxymethyltetrahydro-2-furanmethanol was converted to 4(R)-[4-amino-2-0xo-l(2H)-pyrimidinyl]-2- 
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hyhxpethylteuahyh-2-f-ethanol by procedure G in 44% yie~d: mp 188-190 OC; [alD25 -85.10 (c 

0.069, MeOH); 1~ nmr (Me2SOdg) G 1.82 (dd, lH, J = 5.94, 13.30 Hz), 2.18 (dd, lH, J = 8.90, 13.35 Hz), 

3.29 (m, 2H), 3.39 (m, 2H). 3.71 (dd, lH, J = 4.95, 9.44 Hz), 4.00 (dd, IH, J = 6.72, 9.00 Hz), 4.77 (m, W), 

5.08 (m, lH), 5.67 (d, IH, J = 7.37 Hz), 7.00 (m, 2H). 7.68 (d, lH, J = 7.38 Hz); uv (H2O) Lax 273.0 nm (E 

9,600). Anal. Calcd forC10H15N304: C, 49.79; H, 6.27; N, 17.42. Found: C, 49.90; H, 6.26; N, 17.47. 
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