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NUCLEOSIDES & NUCLEOTIDES, 14(7), 1493-1502 (1995) 

SYNTHESIS OF 3',4'-C-BISHYDROXYMETHYL-Z',3',4'-TIUDEOXY-~-L- 
THREO- PENTOPYRANOSYL NUCLEOSIDES AS POTENTIAL INHIBITORS 

OF HIV 

Asa Lundquist, Ingemar Kvarnstrom, and Stefan C. T. Svensson 
Department of Chemistry, Linkijping University, S-581 83 Linkoping, Sweden 

Bjorn Classon and Bertil Samuelsson*9t 
Department of Organic Chemistry, Arrhenius Laboratory, Stockholm University, 

S-106 91 Stockholm, Sweden 
fAdditiona1 Address: Astra Hassle AB, ,5431 83 Molndal, Sweden 

Abstract 
The synthesis of 3',4'-bishydsoxymetyl-2',3',4'-trideoxy pentopysanosyl derivatives of 

thymine, uracil, cytosine, and adenine is described. truns-(SS,4S)- 
Bis(methoxycarbony1)cyclopentanone (3) was converted to l-O-acetyl-3,4-C-bis[(tert- 
butyldiphenylsiloxy)methyl]-2,3,4-trideoxy-a,~-L-threo-pentopysanose (6), which was 
subsequently condensed with the silylated purine and pyrimidine bases. 

Introduction 
Nucleoside analogues have been extensively evaluated in the search for agents 

e€fective in the treatment of human immunodeficiency virus (HIV) infections. As of 
today four nucleoside analogues 3'-azido-3'-deoxy&hymidine (AZT)l, 2',3'-dideoxyinosine 
(DDQ2, 2',3'-dideoxycytidine (DDC)3, and 2',3'-didehydro-2',3'-dideoxythymidine 
(D4T)4 are approved for clinical use against HIV infections. The mechanism for the anti- 
HIV activity is believed to involve activation by cellular kinases to give the 
corresponding triphosphates which acts as inhibitors of the viral reverse transcsiptase 
and/or chain terminators of the viral DNA synthesis.5 Recently hydroxymethyl-branched 
nucleosides have been reported to show potent anti-HN activity in vitro. Two such 
compounds are oxetanocin A6 (1) and 1-(2',3'-dideoxy-3'-C-hydroxymethyl-P-D-erytro- 
pentofysanosyl)-cytosine7 (2). 
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In this paper we describe the synthesis of 3',4'-C-bishydroxymethyl-2',3',4'-tsideoxy-~- 
L-threo-pcntopyranosyl nucleosides 7-10. These structures can be viewed as analogues 
of dih ydroxymethyl-branched nucleosides. 

Results and Discussion 
For starting material enantiomerically pure keto diester 3, which was prepared by a 

method developed at our laboratory*, was used. The keto diester 3 was converted to the 
ketone 4 via four successive reactions (Scheme I). 

Ketalization with ethylene glycol followed by lithium aluminium hydride reduction, 
silylation with tert-butyldiphenylsiyl chloride in pyridine at room temperature, followed 
by deketalization with 80 % acetic acid afforded 4 in 62 % yield from 3. Oxidation of the 
ketone in 4 with m-chloroperbenzoic acid9 gave the lactone 5, in 83 % yield, which was 

tB u(Ph),S i0 
t-B u(Ph),SiO \,,,,. 

0 -  

0 3  4 (@ Yo) 

t-B u(Ph),SiO \,,,,,. -0A c 

f-Bu(Ph),SiO x0 . t-B u(Ph),SiO 
t-B u(Ph),S i0 \,,,,,. 

5 (83%) 6 (95%) 

a a. (i) I-DCH2CH20H,p-TsOH, (li)LAH, (iii) f-B~(Ph)~SiCI,pyridine,(i\? HOAc80 Yo; 
b. mCPBA, dichlorometkine; c. (i) DIBAL-H, (ii) AqO, pyridine 

Scheme la 
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3' ,4'-C-BISHYDROXYMETHYL-&L-NUCLEOSIDES 1495 

reduced with diisobutyl aluminium hydride and then acetylated with acetic anhydride in 
pyridine at room temperature giving an anomeric mixture of the pyranose 6 in 95 % 

yield. 
Coupling of 6 with silylated thymine in the presence of trimethylsilyl uiflate in 

dichloromethanelo followed by deprotection with tetrabutylammonium fluoride gave 
exclusively the p-anomer 7 having the 'C4 conformation in 59 % yield after silica gel 
column chromatography (Scheme II). 

The p-anomeric assignment of this nucleoside was based on the 250 MHz IH NMR of 
the corresponding o-nitrobenzoyl protected nucleoside analogue. The hydrogen at C-1' is 
clearly an axial hydrogen on account of its large coupling constant (J=10.8 Hz) with the 
axial C-2' hydrogen. This means that thymine is equatorially orientated, as is seemingly 
normal for pyranosyl nucleosides.ll Differentiation between a or p is based on the 
coupling constants of the hydrogens at C-5'. The H-5' axial signal appears as a triplet 
with a large coupling constant (J=11.6 Hz) to an axial H-4' indicating a lCq 
conformation for the pyranoside. For the synthesis of the uracil nucleoside 8 silylated 
uracil was condensed with 6 and deprotected following the same protocol as above. The 
isolated yield of the p-anomeric uracil nucleoside 8 was 56 %. The cytosine nucleoside 9 
was synthezised from the protected uracil nucleoside by treatment with 4-chlorophenyl 
phosphorodichloridate and 1,2,4-triazole in pyridine at room temperature12 to give the 4- 
triazolylpyrimidinone derivative. Subsequent treatment of this compound with 
unmonium hydroxide in dioxane afforded the protected cytosine nucleoside.11 After 
deprotection with tetrabutylammonium fluoride the p-anomeric cytosine nucleoside 9 
was obtained in 41 % yield. For the synthesis of the adenine nucleoside 10 silylated 6- 
chloropurine was condensed with 6 following the same protocol as above to give the 
protected 6-chloropurine nucleoside. The coupling resulted in the exclusive formation of 
the desired N-9 alkylated isomer, which was assigned by UV13 and NMR14 
spectroscopy. The 6-chloropurine nucleoside was deprotected with tetrabutylammonium 
fluoride and reacted with methanolic ammonia giving the P-anomeric adenine nucleoside 
10 in 38 % yield. 'H NMR spectroscopy of the adenine nucleoside 10 showed a small 
amount (< 5 9%) of the a-anomeric adenine nucleoside. Attempts were made to increase 
the amount of the a-anomer by using acetyl protecting groups, acetonitrile as solvent, 
and decreasing the reaction time, but only minor changes in the a l p  ratio was observed. 

The almost exlusive formation of one anomer of the nucleosides 7, 8 and 10 are in 
agreement with results obtained in other coupling reactions of pyranosyl nucleosides 
under thermodynamic conditions.15 The P-anomeric nucleosides 7, 8 and 10 are 
thermodynamically favoured because of the equatorial orientiation of both the base and 
the hydroxymethyl groups. 
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HO’ 

7-1 0 

7 B=Thymiml-yl (59 Yo) 

8 B=Uracil-1-yl (56 Yo) 

6 

9 B=Cytosin-1-yl (41 %) 

10 B=Adenin-g-yl (38 Yo) 

a a. Silylated thymine, TMSOTf, dichloromethane; b. silylated uracil, TMSOTf, dchloromethane, 
c .  (i) p-CIC6H40POC12, 1,2,4-triazole, pyidine; (ii)NH40H, dioxane; d. silylated 6-chloropurine, 

TMSOTf, dichlommethane; e. NH3, MeOH; f. tetabutylammonium fluoride, tetrahydrofuran 

Scheme Ila 

Compounds 7-10 were tested for inhibition of HIV multiplication in an XTT assay in 
M4 cells. l6 All compounds were inactive in the assay. 

Experimental Section 
Removal of solvents was performed under reduced pressure. lH and 13C NMR were 

recorded on a JEOL FX-100 or a Bruker AC 250 instrument using CDC13 or DMSO-d6 
as solvents with TMS as internal standard. The shifts are reported in ppm (6 scale). TLC 
analyses were performed on Merck precoated 60 F-254 plates. The spots were visualized 
by UV light and/or charring with ethanol/ sulfuric acid/ acetic acid/ p-anisaldehyde, 
90:3: 1:2. Column chromatography was performed using silica gel 60 (0.040-0.063 mm, 
Merck). Organic phases were dried over anhydrous magnesium sulphate. Optical 
rotations were measured in CHC13 or DMSO solutions at room temperature using a 
Perkin-Elmer 141 instrument. 
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3 ' ,4' -C-BISHYDROXYMETHYL-P-L-NUCLEOSIDES 1497 

trans-(3S,4S)-Bis[(tert-butyldp~enylsiloxy)methyl]cyc~opentanone (4). A solution 
of trans-(3S,4S)-bis(methoxycarbonyl)cyclopentanone8 (3) (3.0 g, 15.0 mmol), ethylene 
glycol (20.0 mL, 0.36 mol) and p-toluene sulfonic acid monohydrate (80 mg) in toluene 
(160 mL) was refluxed with a Dean-Stark trap for 6 h. Sodium hydrogen carbonate (60 
mg) was added and after additional stirring for 5 min the mixture was washed with 
saturated aqueous sodium hydrogen carbonate, dried, and concentrated to give the crude 
ketal. According to 1H NMR the product was almost free from unreacted ketone. The 
crude ketal diester in dry diethyl ether (50 mL) was added dropwise to a mixture of 
lithium aluminium hydride (1.14 g, 30.0 mmol) in dry diethyl ether (120 mL) at OOC. The 
mixture was stirred at room temperature for 3 h before excess of lithium aluminium 
hydride was decomposed by successive addition of water (1.6 mL), 3 M aqueous sodium 
hydroxide (1.6 mL), and water (5.0 mL). After stirring at room temperature for 55 min 

anhydrous magnesium sulphate (60 g) was added and the stirring was prolonged for 5 
min. The precipitate and magnesium sulphate was removed by filtration and washed 
several times with ethyl acetate. The filtrate was removed to give the corresponding diol. 
The diol was dissolved in dry pyridine (150 mL) and tert-butyldiphenylsilyl chloride (9.6 
mL, 36.0 mmol), and the solution was stirred at room temperature for 48 h. 
Concentration, co-distillation with toluene, and purification by flash column 
chromatography (toluene-ethyl acetate, 10: 1) gave the disilylated ketal. A mixture of the 
disilylated ketal, acetone (65 mL), methanol (65 mL), and acetic acid (80 %, 330 mL) 
was stitred at room temperature for 14 h. The reaction mixture was concentrated, co- 
distilled with toluene, and purified by column chromatography (toluene-ethyl acetate, 
12:l) to give compound 4 (5.77 g, 62 %) as a colourless syrup: [ c x ] ~ ~ D  17.84O (c 0.94, 
CHC13); IH NMR (100 MHz, CDCl,) b 1.00 (s, 18H, ~ x [ C ( C H ~ ) ~ ] ) ,  1.64-2.10 (m, 6H, 
H-2, H-3, H-4, H-5), 3.51-3.84 (m, 4H, 2xCH20Si), 7.32-7.67 (m, 20H, 4xPh); 13C 

C-5), 41.43 (C-3, C-4), 64.97 ( ~ x C H ~ O S ~ ) ,  127.86, 129,41, 132.96, 135.20 (4xPh). 
Anal. Calcd for C3gH4803si2: C, 75.43; H, 7.79. Found: C, 75.19; H, 7.74. 

NMR (25.05 MHz, CDCl3) 6 19.16 (2x[C(CH3)3]), 26.77 (2x[C(CH3)3]), 40.17 (C-2, 

trans-(3S,4S)-Bis[(tert-butyldphenylsiloxy)methyl]pentyrolactone (5). To a 
solution of compound 4 (1.62 g, 2.61 mmol) in dichloromethane (30 mL) tn- 
chloroperoxybenzoic acid (3.87 g, 12.3 mmol) was added, and the mixture was stirred at 
room temperature for 48 h. The reaction mixture was diluted with dichloromethane, and 
die resulting solution was washed with saturated sodium sulphite followed by saturated 
sodium hydrogen carbonate, dried, concentrated, and purified by column 
Chromatography (toluene-ethyl acetate, 1O:l) to give compound 5 (1.37 g, 83 %> as a 
colourless syrup: [a]Z2, 12.550 (c 1-00, CHC13); IH NMR (100 MHz, CDC13) 6 1.03 
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1498 LUNDQUIST ET AL. 

(s, 18H, [C(CH3)3]), 1.96-2.14 (m, 2H, H-3, H-4), 2.55 (d, 2H, H-2), 3.52 (m, 4H, 
2xCH2OSi>, 4.31 (d, 2H, H-5), 7.37-7.58 (m, 20H, 4xPh); 13C NMR (25.05 MHz, 

C-4), 63.22, 65.75 ( ~ x C H ~ O S ~ ) ,  68.23 (C-5), 127.90, 129.56, 132.62, 135.20 (4xPh), 
172.55 (C-1). Anal. Calcd for C39H4804Si2: C, 73.54; H, 7.60. Found: C, 73.36; H, 
7.74. 

CDCl3) 6 19.16 (2x[C(CH3)3]), 26.75 (2x[C(CH3)3]), 31.51 (C-2), 34.82, 37.59 (C-3, 

1-0-Acetyl-3,4-C-bis[(tert-butyldiphenylsiloxy)methyl]-2,3,3-trideoxy-aI~-L- 
threo-pentopyranose (6). A 100-mL three-necked round bottomed flask was connected 
to argon, flame dried, and charged with compound 5 (1.24 g, 1.95 mmol) and dry 

toluene (75 mL). To the mixture was added dropwise diisobutyl aluminium hydride (1 M 
in toluene, 2.90 mL, 2.90 mmol) at -78OC. The reaction mixture was stirred at -78OC for 
1 h before it was allowed to attain room temperature, and methanol (0.48 mL), ethyl 
acetate (75 mL), and saturated sodium hydrogen carbonate (4.0 mL) were added. After 
stiiring at room temperature for 2 h magnesium sulphate (2 g) was added and the stirring 
was prolonged for 3 h. The reaction mixture was filtered and concentrated to give the 
corresponding lactol. The lactol was dissolved in pyridine (15 mL) and acetic anhydride 
(7.5 mL), and the mixture was stirred at room temperature for 14 h. Concentration, co- 
distillation with toluene, and puiification by column chromatography (toluene-ethyl 
acetate, 12:l) gave compound 6 (1.25 g, 95 %) as a colorless syrup: [ a l Z 2 ~  -4.82O (c 
0.84 , CHCl,);. lH NMR (250.13 MHz, CDC13) 6 1.00 (s, 18H, 2x[C(CH3)3]), 1.77- 
2.08 (m, 4H, H-2, H-3, H-4), 2.09 (s, 3H, OCOCH3), 3.48-3.64 (m, 4H, 2xCH2OSi), 
3.85 (m, IH, 5-Ha), 4.07 (in, IH, H-5e), 5.74 (dd, J1-2,=8.68 Hz, J1-2,=2.91 Hz, 0.67 
H,I-Ha), 6.18 (t, 0.33 H, l-HP), 7.15-7.58 (m, 20H, 4xPh); I3C NMR (25.05 MHz, 
CUCl,) 6: a: 19.21 (2x[C(CH3),]), 21. I5 (OCOCH,), 26.97 (2x[C(CH)3]), 31.37, 
36.28, 38.23 (C-2, C-3, C-4), 62.41, 63.66 ( ~ x C H ~ O S ~ ) ,  65.02 (C-5), 93.86 (C-l), 

21.15 (OCOCH,), 26.97 (~x[C(CH)~]), 32.53, 36.28, 38.43 (C-2, C-3, C-4), 62.41, 
63.66 (2xCHaOSi), 65.02 (C-5), 92.01 (C-I), 127.37,129.37, 133.06, 135.20 (4xPh), 
169.24 (OCOCH,). Anal. Calcd for C41H5205Si2: C, 72.31; H, 7.70. Found: C, 72.45; 
H, 7.83. 

127.37, 129.37, 133.06, 135.20 (4xPh), 169.49 (OCOCH,); P: 19.21 (2x[C(CH3)3]), 

1 -(3,4-C-Bis(hydroxymethyl)-2,3,4-trideoxy-~-L-th~eo-pentopyranosyl)~ymine 
(7). A suspension of thyminc (0.10 g, 0.79 mmol) and a small ciystal of ammoniuin 
sulphate in trimethylchlorosilane (0.3 mL) and hexamethyldisilazane (4.0 mL) was 
rcfluxed under argon until a clear solution was obtained. The mixture was concentrated 
and co-distilled with toluene. The residue was dissolved in dry dichloromethane (3.3 mL) 
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3 ' ,4'-C-BISHYDROXYMETHYL-/3-L-NUCLEOSIDES 1499 

under argon, and a solution of compound 6 (0.306 g, 0.45 mmol) in dry dichloromethane 
(1.65 mL) was added. The mixture was cooled to OOC and trimethylsilyl tsiflate (0.10 
mL, 0.55 mmol) was added dropwise. After stining at room temperature for 16 h the 
reaction was quenched by addition of aqueous sodium hydrogen carbonate, and the 
resulting mixture was stirred for 30 min, diluted with dichloromethane, washed with 
aqueous sodium hydrogen carbonate, dried, concentrated, and punfied by column 
chromatography (toluene-ethyl acetate, 4: 1) to give the protected nucleoside. The 
nucleoside was deprotected by dissolving in tetrabutylammonium fluoride trihydrate ( 1 
M solution in tetrahydrofuran, 1.2 mL, 1.2 mmol) and tetrahydrofuran (2.8 mL), and 
subsequent stiiring at room tempcrature for 3 h. Concentration and purification by 
column chromatography (chloroform-methanol, 3: 1) gave compound 7 (0.069 g, 59 %): 

[ a ] 2 2 ~  -3.80 (c 1.09, DMSO); IH NMR (250.13 MHz, DMSO-d6) 6 1.50-1.79 (m, 4H, 
H-2', H-3', H-47, 1.80 (s, 3H, CH3), 3.14-3.88 (m, 5H, H-5'a, ~ x C H ~ O H ) ,  4.04-4.11 
(dd, J51e-57a=ll.3 Hz, J5te-4=4.2 Hz, lH, H-5'e), 4.38 (b, 2H, 2xOH), 5.45-5.50 (dd, J ~ I -  
2,=10.7 Hz, J11-~~=2.0 Hz, lH, H-l'), 7.48 (d, J=1.2 Hz, lH, H-6); l3C NMR (62.90 
MHz, DMSO-d6) 6 11.7 (CH3), 32.48 (C-27, 38.51, 38.75 (C-3', C-4'), 59.81, 62.82 
( ~ x C H ~ O H ) ,  69.75 (C-57, 81.38 (C-l'), 109.34 (C-5), 136.03 (C-6), 150.10 (C-2), 
163.55 (C-4). Anal. Calcd for C12Hl~O5N2xO.5H2O: C, 51.61; H, 6.86; N, 10.03. 
Found: C, 51.85; H, 6.61; N, 9.93. 

1 -(3,4-C-Bis(hydroxymethyl)-2,3,4-trideoxy-~-L-threo-pentopyranosyl)uracil 
(8). Uracil (0.083 g, 0.74 mmol) was silylated following the same procedure as for the 
preparation of compound 7 and dissolved in dry dichloromethane (3.1 mL) under argon. 
To this mixture was added compound 6 (0.280 g, 0.41 mmol) in dry dichloromethane 
(1 .S mL) followed by addition of trimethylsilyl triflate (0.09 mL, 0.50 mmol) at OOC. The 
mixture was stirred at room temperature for 16 h. The reaction was quenched by the 
addition of aqueous sodium hydrogen carbonate, and the resulting mixture was stirred 
for 30 min, diluted with dichloromethane, washed with aqueous sodium hydrogen 
carbonate, dried, concentrated, and purified by column chromatography (toluene-ethyl 
acetate, 1:l) to give the protected nucleoside. The nucleoside was deprotected by 
dissolving in tetrabutylammonium fluoride trihydrate (1 M solution in tetrahydrofuran, 
1.14 mL, 1.14 mmol) and tetrahydrofuran (2.8 mL), and subsequent stirring at room 
temperature for 3 h. Concentration and purification by column chromatography 
(chloroform-methanol, 5:1) gave compound 8 (0.058 g, 56 %): [ a ] 2 2 ~  -16.5O (c 1.21, 
DMS0);lH NMR (250.13 MHz, DMSO-d6) 6 1.49-1.84 (m, 4H, H-2', H-3', H-4'), 3.1 1- 
3.59 (m, 5H, H-Sa, 2xCH20H), 4.08 (dd, J5~~-51~=11.4 Hz, J5te-4=4.3 Hz, lH, H-Se), 
4.39 (b, 2H, ~xOH), 5.46 (dd, J1g-Ta=10.8 Hz, J11-~,=2.3 Hz, lH, H-l'), 5.60 (d, J5- 
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6z8.0 Hz, IH, H-5), 7.62 (d, 56-54.1 Hz, ZH, H-6); '3C NMR (62.90 MHz, DMSO-d,) 
6 31.93 (C-2'), 37.78, 38.11 (C-3', C-47, 59.14, 62.09 (~xCH~OH) ,  69.43 (C-57, 80.94 
(C-17, 101.06 (C-5), 139.88 (C-61, 149.47 (C-2), 162.26 (C-4). Anal. Cdcd for 
CllH1605N2: C, 51.56; H, 6.29; N, 10.93. Found: C, 51.43; H, 6.38; N, 10.72. 

1 -(3,4-C-Bis(hydroxymethyl)-2,3,4-trideoxy- 0-L-threo-pentopyranosyl)cytosine 
(9). Uracil (0.089 g, 0.79 mmol) was silylated following the same procedure as for the 
preparation of compound 7 and dissolved in dry dichloromethane (3.3 mL) under argon. 
To this mixture was added compound 6 (0.304 g, 0.44 mmol) in dry dichloromcthane 
(1.65 mL) followed by addition of trimethylsilyl triflate (0.10 mL, 0.55 mmol) at OOC. 
The mixture was stirred at room temperature for 16 h. The reaction was quenched by the 
addition of aqueous sodium hydrogen carbonate, and the resulting mixture was stirred 
for 30 min, diluted with dichloromethane, washed with aqueous sodium hydrogen 
carbonate, dried, concentrated, and purified by column chromatography (toluene-ethyl 
acetate, 1:l) to give the protected uracil nucleoside. To a solution of the protected uracil 
nucleoside and 1,2,4-triazole (0.138 g, 2.0 mmol) in anhydrous pyridine (1.8 mL) was 
added droppwise 4-chlorophenyl phosphorodichloridate (0.1 1 mL, 0.69 mmol) at O°C. 
The reaction was stirred at room temperature for 48 h before it was concentrated to give 
a syrup which was dissolved in dichloromethane, washed with water, dried, and 
concentrated to give the 4-triazolylpyrimidinone derivative. A mixture of the 4- 
triazolylpyiimidinone derivative, dioxane (4.0 mL) and ammonium hydroxide (2.0 mL) 
was stirred at room temperature for 14 h. Concentration and purification by column 
chromatography (chloroIoim-methanol, 10: 1) gave the protected cytosine nucleoside. 
The nucleoside was deprotected by dissolving in tetrabutylammonium fluoride trih ydrate 
( 3  M solution in tetrahydrofuran, 0.74 mL, 0.74 mmol) and tetrahydrofuran (1.84 mL), 
and subsequent stirring at room temperature for 3 h. Concentration and purification by 
column chromatography (chloroform-methanol, 3: 1) gave compound 9 (0.046 g, 41 %): 

[a]22D -41.2 (c 0.75, DMSO); lH NMR (250.13 MHz) 6 1.58-1.83 (m, 4 H, H-2', H-3', 
H-4'), 3.17-3.57 (m, 5H, H-Sa, ~ X C H ~ O H ) ,  4.08 (dd, J51e-~1a=ll.3 Hz, J5re-4=4.2 Hz, 
1H, H-5'e), 4.41 (b, 2H, 2xOH), 5.54 (dd, J1$-~~=11.3  Hz, J1+-ze=4.2, IH, H-l'), 5.76 (d, 
554'7.4 Hz, 1H, H-5), 6.98 (b, 2H, NHz), 7.56 (d, J5&.4Hz, 1H, H-6); I3C NMR 
(62.90 MHz) 6 33.37 (C-27, 38.53, 38.74 (C-3', C-47, 59.84,62.81 ( ~ x C H ~ O H ) ,  70.06 
(C-5'),82.10 (C-l'), 93.91 (C-5), 140.87 (C-6), 154.55 (C-2), 165.50 (C-4). Anal. Cdcd 
for CllHl704N3x2.0H2O: C, 45.36; H, 7.26: N, 14.42. Found: C, 45.59; H, 6.99; N, 
14.41. 
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94 3,4-C-Bis(hydroxymethyl)-2,3,4-trideoxy- p-L-threo-pentopyranosy1)adenine 
(10). Adeiline (0.122 g, 0.79 mmol) was silylated following the same procedure as for 
the preparation of compound 7 and dissolved in dry dichloromethane (3.3 mL) under 
argon. To this mixture was added compound 6 (0.305 g, 0.45 mmol) in dry 
dichloromethane (1.65 mL) followed by addition of trimethylsilyl triflate (0.10 mL, 0.55 
mmol) at OOC. The mixture was stirred at room temperature for 16 h. The reaction was 
quenched by the addition of aqueous sodium hydrogen carbonate, and the resulting 
mixture was stirred for 30 min, diluted with dichloromethane, washed with aqueous 
sodium hydrogen carbonate, dried, concentrated, and purified by column 
chromatography (toluene-ethyl acetate, 4: 1) to give the protected nucleoside. The 
nucleoside was deprotected by dissolving in tetrabutylammonium fluoride trihydrate (1 
M solution in tetrahydrofuran, 1.28 mL, 1.28 mmol) and tetrahydrofuran (2.9 mL), and 
subsequent stirring at room temperature for 3 h. Concentration and purification by 
column chromatography (chloroform-methanol, 3: 1) gave the 6-chloropurine nucleoside. 
A solution of the protected 6-chloropurine nucleoside in dry methanol (6.0 mL) was 
saturated with ammonia and then heated in a bomb at lOOOC for 48 h. The ammonia was 
evaporated off under a steam of argon, and the resulting solution was concentrated and 
purified by column chromatography (chloroform-methanol, 3: 1) to give compound 10 

(250.13 MHz, DMSO-d6) 6 1.50-2.28 (m, 4 H, H-2', H-3', H-47, 3.06-3.66 (m, 5H, H- 
S'a, 2xCH20H), 4.11 (dd, Jg1e-51a=ll.4 Hz, J51e-4'=4.2 Hz, IH, H-5'e), 4.45 (b, 2H, 

(0.047 g, 38 %): 16.7 (C 0.65, DMSO); UV(H2O) Lax 259.5 'H NMR 

~ x O H ) ,  5.64 (dd, 519-~,=10.4 Hz, J1~-~,=3.3 Hz, lH, H-l'), 7.02 (s ,  2H, NH2), 8.18 (s, 
lH, H-2), 8.25 (s, lH, H-8); 13C NMR (62.90 MHz, DMSO-d6) 6 33.12 (C-2'), 38.62, 
38.74 (C-3', C-4'), 59.89, 62.82 ( ~ x C H ~ O H ) ,  69.75 (C-57, 81.29 (C-l'), 118.84 (C-5), 
138.61 (C-8), 148.50 (C-4), 152.55 (C-2), 156.00 (C-6). Anal. Calcd for 
C I ~ H ~ T O ~ N ~ X ~ . ~ H ~ O :  C ,  47.90; H, 6.50; N, 23.27. Found: C, 48.05; H, 6.44; N, 22.96. 
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