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Abstract 1',2'-Saco-2'-nor-nucleosldes carryrng a fluorine atom, 

znstaad of hydroxyl group, on C-3' are synthaslsed xn enantaomerrcally 

pure form, startlug from (2S)-l-fluoro-3-(R)-[(4-methylphenyl)sulf~nyl]-2- 

propanol. 

selective substitution of a fluorine for an hydroxyl group in the 

sugar part of a nucleoside frequently allowed to obtain compounds 

endowed with useful antiviral activity.' 

Acyclovir 1 is a drug commonly employed for the treatment of HSV 

infections and 1s the first successful specimen of the so called 

"acyclic nucleosidesl'. Several other similar compounds showed 

interesting pharmacological properties and DHPG 2 emerged as a 

particularly attractive product.2 

We thus decided to prepare some acyclic nucleosides in which one of 

the two hydroxyl groups of DKPG was replaced by fluorine. Here we 

describe the synthesis of two examples of these nucleoside analogues, 

namely (R)-l-[(l-fluoro-J-hydroxy-2-propoxy)~ethyl~thymine 2. and its 9- 

adenine analogue 4* Both compounds have been prepared in 

enantiomerically pure form as different pharmacological activities have 

been frequently reported for the two enantiomers of acyclic 

nucleosides.3 
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714 P B~~voetal 

HO Base 

-Y 0 \I iL Base 

1 Ii guanin-9-yl 

R 1 CH*OH guanin-9-yl 

3 CH2F thymin-l-y1 

4 CH2F adenin-9-yl 

(2S)-l-Fluoro-3-(R)-[(4-methylphenyl)sulfinyl]-2-propanol 5, prepared 

in two steps from commercially available (+)-(R)-methyl-4-methyl- 

phenylsulfoxide, was used as starting material.ll The reaction of this 

propanol derivative with dimethoxymethane and phosphorus pentoxide 

afforded the corresponding methoxymethyl ether 5 (84% yield). 

Under these reaction conditions no loss of chirality at the carbon 

stereocentre occurred, but partial racemization of the sulfinyl group 

was observed. This is unimportant as in the next step of the synthetic 

sequence the sulfoxide residue is replaced by an hydroxyl group. 

Specifically the so formed mixture of fluoro-sulfinyl-ethers (2S,RS)-5 

and (2S,SS)-fj was treated with trifluoroacetic anhydride and 2,4,6- 

trimethylpyridine in acetonitrile solution and a clean Pummerer 

rearrangement took place.6 

A geminal trifluoroacetyloxy-tolylthio intermediate formed and this 

masked aldehyde was hydrolyzed In situ with mercury(I1) chloride to give 

(R)-3-fluoro-2-methoxymethoxypropanal. This aldehyde had a marked 

proclivity for becoming hydrated' so that it was not isolated in pure 

form, but the crude product was reduced with sodium borohydride and the 

so formed alcohol was benzylated under standard conditions to give the 

(R)-l-benzylozy-3-fluoro-2-methoxymethoxypropane 2 in 52% overall yield 

starting from 5. 

In order to transform the methoxymethylene substituent on C-2 of (R)- 

1 into a more suitable leaving group for the alkylation of the 

nucleoside bases, this protective group was hydrolyzed by acid treatment 

(acetic acid/water/dioxane/reflux) (84% yield). The so formed (R)-l- 

benzyloxy-3-fluoro-2-propanol 8 was reacted with paraformaldehyde and 

hydrogen chloride in dichloromethane solution' and (R)-3-benzyloxy-2- 

chloromethoxy-l-fluoropropane was produced in nearly pure form (lH NMR 

analyses). 
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Scheme: a) dimethoxymethane /phosphorus pentoxide /r.t.; b) trifluoro- 

acetic anhydride /2,4,6+.rimethylpyridine jacetonitrile /r.t.; 

then mercury(I1) chloride /acetonitrile /K2C03/r.t.; o) sodium 

borohydride / acetonitrile / r.t.; d) sodium hydride / benzyl 

bromide / dimethylformamide / r.t.; e) acetic acid / water- 

dioxane Ireflux; f) paraformaldehyde /dichloromethane/hydrogen 

chloride (gas) /-IOat!; g) nitrogen base /hexamethyldisilazane/ 

ammonium sulfate; then mercury(I1) cyanide / benzene; 

h) Nx3 (gas) / methanol / 80 'C; i) palladium(I1) oxide / 

cyclohexene /hydrogen /ethanol /r.t. 

(R)-9a t.hymul-l-y1 

6-chloropurm-9-yl 

h C-chloropurin-l-y1 

adenm-9-yl 

The chlorine atom of this crude reaction product was replaced by 

thymine and i-chloropurine (persilylated base/bensene/reflux) to give 

acyclic nucleosides 9il-_c. Tetra n-butylammonium iodrae or mercury(I1) 

cyanide were employed as catalysts for the condensation reaction and the 

latter salt gave better results.' 

When C-chloropurine was employed, the N-9 alkylation product B 

formed preferentially, but minor amounts of the N-7 isomer x were also 

isolated. 
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The C-chloropurine nucleoside 7b was cleanly transformed into the 

desired adenine derivative x with methanolic ammonia at 80 OC in 

stainless steel bomb.' 

The removal of the protecting benzyl group was performed by catalytic 

transfer reduction (palladium oxide/cyclohexene/hydrogen/ethanol/) (80% 

yields ca.) and target nucleosides (R)-3 and (R)-+ were obtained 

starting from u and s, respectively. The esters of alcohol g with (+)- 

(S) and (-)-(R)-2-phenylpropionio acids have been prepared. The absolute 

configuration of the alcohol was thus confirmed as well as its optical 

purity.lO It is known that the chloromethylation reaction and 

successive steps do not cause racemisation." 

Final nucleosides 3 and 4 have thus been prepared in enantiomerically 

pure form. 

These acyclic nucleosides have the same chirality of natural 

nucleosides assuming that oxygenated and fluorinated carbons of 1 and 4 

mimic, respectively, C-5' and C-3' of natural compounds. The biological 

and pharmacological properties of 3 and 4 is being tested. 

EXPERIMENTAL 

lx, 13C and l9 F NMR spectra were recorded with a Bruker AC 25OL spectrometer zn 

CDC13. C6F6 was used as xnternal standard (b, - 162.90) for 19F. [al:' values were 

determrned on a Jasco DIP-181 Polarrmeter. Mps are uncorrected and were obtained on a 

capillary apparatus. TLC were run on srlica gel 60 F254 Merck; flash column 

chromatography was performed with slllca gel 60 (60-200 pm, Merck). Xethylene 

chloride was freshly drstzlled from phosphorus pentoxrde (P205) and from calcrum 

chloride (CaC12), C6H6 was freshly dlstzlled from CaC12; =n other cases commercially 

available reagent-grade solvents were employed. Pummarer reactlon and con3ugation of 

the nrtrogen bases were performed under a posrtLve argon pressure. 

Svnthesrs of (2S.R ~I-l-Fluoro-3-f~4-methvlDhenvl)sulDh~nvll-2-Droovl methoxv- 

methvl ether (a). - To a solution of secondary alcohol 5 (2.16 g, 10 mmol) in dr- 

methoxymethane (50 ml) at room temperature, phosphorus pentoxrde (28.5 g, 20.0 mmol) 

was added portronwlse After 4 h the reactloo mzxtute was flltared on celxte and the 

solutaon was concentrated to a yellowssh or1 whrch was purlfled by flash 

chromatography (n-hexane/ethyl acetate 5:2) to give (PS, RS)-6 (1.50 g, 60% yreld) 

and (2S,Ss)-6 (600 mg,24% yxeld). (2S,RS)-6 Rf 0.30; [a]:' + 168.80 (C 1.1, cEc13); 

m.p. 35 OC (dxethylether); 'H NMR b: 2.42 (3R, s, ArCB3), 2.89 

2JH_H=13 Hz, 3JH_H=3.3 Ha), 3 00 (Xi, dd, CRbS, 3JH_H=9.8 Ha), 

(lH, dd, CH,S, 

3.50 (3H, s, OCli3), 

4 43 (UI, dddd, CH,F, 2JH_F=49.0 Hz), 4.65 (lH, dddd, CEbF, 2Jg_F=47.0 Es, 3JR_aP9.8 

Es), 4.37 (la, m, CEO, 3JR_F=22.3 Hz, 3~H_R=9.8, 6.5, 3.3 Hz), 

2J&6.8 HZ), 

4.85 (la, d, OCE,O, 

4.89 (19, d, OCIibO), 7.30-7.80 (4H, m, ArX); 13C NMR d: 21.41 (Arca,), 

55.99 (OcH3), 60.53 (d, sIi2S, JC_F=4 4 Hz), 70.89 (d, @O, Jc_P=19.5 Hz), 84.24 (d, 

~H2F,JC_F=174.2 Hz), 96 85 (OCli20), 123 75 and 130 13 (Arc); 19F NMR b -231.9. 
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(2S,SS)-6 I Rf 0.35; [a];' - 117.6O (c 0.9, CHCi3); 'H 76~~ b: 2.42 (38, a, ArCH3), 

3.05 (IH, ddd, CEaS, 2J,_,=13.5 Ha, 3JH_H=6.3 ~a, 4JH_F=l.0 HI), 3.13 (lH, ddd, 

cHbs. 'JH_H=5.5 Hs), 3.37 (3H, 8, GCH3), 4.10 (lH, m, CEO, 'Ja_H=6.25, 5.5, 

5.0, and 4.0 Hz, 3JH_F=23.0 HZ), 4.61 (lH, dd, CHaP, 

4.62 (iii, dd, CRbF, 2JH_F=47.0 Ha, 3JH_H=5.0 ~a), 

2J,_F=47.O Hs, JH_$4.0 Es), 

(4H, m, Arli); “F NMR b: -229.1 

4.64 (ZH, brs, OCH20), 7.30-7.60 

Svnthesas of (R~-l-bensvloxv-3-fluoro-2-methoxv-methoxvoroDane (2). - TO an 

acetonrtrrle solutzon (14 ml) of (2.9, RS)-6 and (ZS, Ss)-6 (10 smlol, 2.48 g) and 

2,4,6_trxmathylpyrzdLne (20 mmol, 2.65 ml) cooled at -20 OC under Argon, a solutaoa 

of trifluoroacetrc anhydrlda (15 mmol, 2.08 ml) an the same solvent (4 ml) was added 

dropwlso. After 1 hour at room temperature, some soled K2C03 was added (up to p0 7) 

and a solution of HgC12 (14 mmol, 3.80 g) xn acetonxtrlle (2 ml) was added at 0 *C. A 

whlta precipitate slowly formed and reactx.on was starred for 1 h at room temperature. 

The solrd was frltered through callte and the solutron was cooled to 0 OC and treated 

wrth an acetonrttxle solutzon (4 ml) of NaBH4 (20 mmol, 790 mg). Some Cli3COOH was 

added (up to pIi 6), solvent removed and the resrdue purafrad by flash chromatography 

(methylene chlorldefethyl acetate 4:l) to give (R)-1-hydroxy-3-fluoro-Z-methoxy- 

methoxypropane (1.05 g, 76% yield): Kll;” + 24.4O (c 0.6, CHC13), 

'H NNR b: 2.50 (lH, brt, OH), 

[a]'!65 + 72.5O 

(c 0.6, CIiC13); 3.44 (3ii, s, 0CH3), 3.67 (iii, ddd, 

CEAOH, 'JH_R=12.0 Hz, 3JH_R=6.2 Hz, 

Es, 4JH_RE1.6 HZ), 

4J _R=1.2 Hz), 

3.87 (lH, m ,CHO, 
r 

3 75 (lH, ddd, CBbOH, 3JR_R=3.2 

JR-R=6 2, 5 2, 3 2 Hz, 3JH_F=19:6 Hz), 4 51 

(ZH, dd, C!B2F, 2JR_F=46.8 Rz, 3JH_H=5 2 Hz), 4 78 (ZH,br 8, 0CH20); "F NMR d: 

-232.0. A DMF (10 ml) solution of the so-obtaxned alcohol (10 mmol, 1.38 g) and 

bensyl bromxde (100 mmol, 11.88 ml) was added dropwlse to a suspensxon of NaH (20 

mmol, 0.95 g) 1x1 DMF (20 ml) at 0 OC After 20 m&n at room temperature, au usual 

work up and a flash chromatography (n-hexane/drethyl ether 4:1), afforded the 

bensyloxy derxvatxve 1 (1.75 g, 82% yxeld). rali’ -25 30 (C 1.0 1n CHClJ), 

[CL]~;~~ -80.3O (c 1.0, CHC13); 'H NNR b: 3.38 (3H, 8, OCH3), 3.60 (28, dd, CE20, 

3JH_H=5.5 Es, 4JB_F=1 5 Hz), 4.00 (IW, dddd, CHO, 'J,_,=Zl.O Hz, 'JH_,=5.5, 5.0, 4.0 

Es), 4.52 (1X, ddd, CH,F, 2JH_F=47 0 Hz, 2JR_H=10.0 Hz, 3JH_H=5.0 Hz), 4.57 (16, 

ddd, CHbF, 'JH_R=47.0 Hz, 3JH_H=4.0 Hz), 

7.40 (5H, m, Arks); "F NMR b -232.3. 

4.73 and 4.76 (ZH, AR system, 0CE20), 7.30- 

Svntheszs of (R)-3-benZVlOXY-l-flUOrO-DrODana (81. - A dloxane solution (14 ml) of 

the methoxymethyl darrvatlve 1 (10 mmol, 2.28 g) was added to a 4:l solutaon of 

CH3CCCH/B20 (28 ml). The reactron mrxture was refluxad under argon and acetxc acid 

solutron was added m order to adlust pH to 4.5 (20 ml). After 4 hours removal of 

solvent strxppzng CH3COOH with benzene (3x10 ml) and flash chromatographlc 

pUrlfXatlOn (n-hexane/dxsopropylethar 3.7) gave the alcohol 8 (1 54 g, 84% yaeld). 

W;0 -11.5* (C 1 0, EtCH), [a]';,, -32.4' (C 1.0, EtOH), 'H NHR 3: 2.44 (lK, d, OH, 

3JR_H=5.0 Hz), 3.55 (Xi, ddd, OCB,, 2JH_H=9 6 Hz, 3JR_R=5 8 Hz, 4JR_F=1.4 as), 3 60 

(la, ddd, OCHb, 3JH_H=4.7 Hz), 4.05 (lH, m, CEO, 3JH_OH=5.0 Hz, 3~R_H=5.8, 4.7, 5.4, 

4.4 HZ, 3JH_F=18.6 HZ), 4.45 (lH, ddd, CH F, 
2 

2JH_F=47 0 Xs, 2JH_H=9.6 Rs, 3JR_H=5.4, 

HZ JR_R=O.Z Hz), 4.51 (iii, ddd, CH F, 
z! 
JH_F=47.0 Hz, 

1'F RRR b. -233.0 

3JH_H=4.4 HZ), 4.58 (2H, 

brs, cyu I 7.30-7.40 (SH, m, ArH); 
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a (10 mmol, 1.84 g) and paraformaldahyde (30 mmol, 2.80 g) XP methylene chlorade (30 

ml) was stirred at 0 OC under protectron from moasture as a stream of gaseous 

hydrogen chlorrde was bubbled through It. After 4 h, the resultmg solutron was 

purged with a Stream of Argon 1x1 order to remove excess HC1 and then drred over 

molecular sieves and faltered. Solvent was removed under reduced pressure to give the 

(R)-3-bensyloxy-2-chloromethoxy-1-fluoropropane as a yellowish residual or1 whrch was 

not purified, but was rmmedxately utillsed. 'li NNR b: 3.55 (lH, dd, OCE,), 3.70 

(IE, dd, OCHb), 4.20 (lH, ddd, CHaF, 2JH_F=45.0 as), 

(lli, ddd, CRbF, 2JR_F=50.0 Hz), 5.58 (2H, s, CH2C1), 

4.50 (28, br s, ArCR20), 4.80 

7.20-7.40 (5H, m, ArH). Tymine 

or C-chloro-purme (10 mmol) and ammonmm sulfate (1.0 mmol, 132 mg) were added to 

hexamethyldisilasane (40 ml). The mixture was heated at reflux for 3 hours, RROS was 

removed, the residue dxssolved in C6H6 (30 ml) and Hg(CN)2 (12 mmol, 3.02 g) was 

added. The mixture was heated at reflux and a solutron of the chloromethyl ether 

derrvatrve in the same solvent (11.0 mmol, 2.42 g) was added dropwase. After 1 hour, 

the solution was faltered, solvent evaporated off and dxhloromethane (70 ml) was 

added. The solutron was washed wxth 30% aqueous ICI, saturated aqueous NaCl and 10% 

aqueous R2C03 solutzons, the collected organ== layers were dried over sodLum sulfate, 

concentrated to grve a rasldue whLch was purzfred by flash chromatography. From 

thymlne, (R)-& was obtained (n-hexane/ethyl acetate 2:3) 1x1 50% yaeld (1.51 g): 

[Cl;0 - 17.90 (C 1.1, CHCl,), ia12;65 - 

CB3C=CR, 'JH_==l.3 Hz), 

72.1' (c 1.1, CIiCl,), 'H NRR b: 1.89 (3H, d, 

3.55 (lH, 

3 Jg_p= 20.0 
ddd, OCH,, 3JR_R=5 5 Es), 4.09 (lR, m, CRbO, 

2 J*_H= 

Hz, 2JR_H=5.8, 5.5, 3 8 Hz), 

10.0 Hz, 3JH_R=5.8 Hz), 

4.45 (lH, ddd, CH,F, 'JR_F=42.5 Hz, 

4.52 (Ui, ddd, CHbF, 2JR_R=10.0 Hz, 'JR_H=3.8 ~a), 4.51 

(2H, s, ArCH20), 5.24 (2X, 8, NCH20), 7.14 (lH, d, CH=CNe, 4JH_R=1.3 Hz), 7.20-7.40 

(58, m. ArH), 9.25 (lH, brs, NH); 13C NNR d* 12.28 (CE3), 66.69 (d, 0CH2, Jc_F=8.19 

as), 73.53 (NcH20), 76.27 (ArCH20), 76 92 (d, CHO, Jc_F=17.0 Hz), 83.06 (d, CE2F, 

Jc_F=172.0 Hz), 127.64-128.48 (Arc), 111.57 (CIi3E=CH), 139.21 (NGE=C), 151.27 

(RNCON), 164.12 (HNCOC); "F NMR d: -231.3. From 6-chloro-purrne, flash 

chromatography (n-hexane/ethyl acetate 1:l) gave (R)-6-chloropurzn-9-yl derivative 

sb in 20% yield and (R)-6-chloropurin-7-yl derzvatave SC zn 12% yzeld. 

Ial:’ 
&.r Rf 0.35; 

- 20.3O (c 1 0, CHC13), [C]2i65 - 70.3O (c 1.0, CHC~~); 'H NMR 6r 3.50 (2H, 

dd, 0CR2, 3JR_H=5.5 Hz, 'JR_y=1.3 Hz), 4.10 (lH, dddd, CEO, 3JR_F=19.5 Es, 3JR_H= 

5.5, 4.0, 1.3 Hz), 4.46 (IH, ddd, CHaF, 2JH_F=47.5 Hz, 3JR H=lO.O Hz, 2J R_H=S.O 

Rs), 4.48 (la, ddd, CHbF, 2JH_F=47 5 Hz, 3Jg_R=5 8 Hz), 4.44 (ZH, AS system, ArCH20), 

5.81 (la, d, OCH,N, 2JH_A=ll.3 Hz), 5 86 (Xi, d, OCHbN), 7.18-7.36 (5H, m, ArH), 

8.25 (lH, s, H-S), 8.77 (lH, s, H-2); 13C NMR d. 68.79 (O~E2CH), 72.99 (NCE20), 

73.55 (ArsE2), 77 49 (d, CAO, JC_F=19.0 Hz), 83.15 (d, CH2F, Jc_F=172.0 Es), 128.48, 

127.96, 127.86, 137.22 (Arc), 131 60 (C-5), 145.33 (C-S), 151.30 (C-6), 151.92 (C-4), 

152.39 (C-2), "F NMR d: -231.0 &: 

[a)2i65 

Rf 0.5; [a];' - 14.3O (c 0.6, CHC13), 

- 43.1° (c 0 6, CHC13), ' Ii NMR d: 3.54 (ZH, AS system, OCR2), 3.98 (lH, dddd, 

CRC), 4.46 and 4.48 (28, ddd, CH2F, 2JH_F=47.5 Hz), 4.46 (ZH, br s, ArCR2), 5.94 (lH, 

d, NCH.0, 2JR_H=10.5 Hz), 6.01 (1H. d, NCHbO), 7.20-7.40 (5K, m, ArR), 8.32 (lH, s, 

R-8), 8.88 (Ui, s, E-2); 13C NMR b: 69.28 (d, CH20, 3JC_F=7.0 Hz), 73.66 (ArCH2), 

75.59 (NCR20), 76 37 (d, CHO, Jc_F=19 0 Hz), 83.59 (d, CB2F, Jc_F=171.5 Es), 122.18 

(C-5), 127.83, 128.01, 128.40, 137.12 (Arc), 143.44 (C-6), 149.50 (C-S), 152.77 

(C-2), 162 38(C-4); lgF NMR 0: -229.4 

Conversxon of 9b Into adenxne derivatxve M. - 9& (10 mmol, 3.5 g) was dissolved 
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zn methanol (10 ml) and 50 ml of saturated methanolic ammoala solutrolr was added. The 

mixture was sealed rnto a steel bomb which was then mamtaaned at 80°C for 12 houra. 

The mixture was then concentrated to give a residue whrch after flash chromatography 

(methanol/d~chloromethana/ethyl acetate) gave M (73.4% yield): [a]:' - 17.3O(c 0.6, 

EtoH), [G12;65 - 63.9O (c 0.6, EtOH); m.p. 120-122 DC (ethyl acetate/cyclohexane 

lrl); 'I3 NMR b: 3.46 (lH, dt, OCH,, 2JH_H=10.8 Hz, 3JH_R=6.0 Ha, 'J=_F=l.5 Hz), 3.50 

(lH, ddd, OCHb, 3JS_H=4.8 Hz, *JH_F=1.2 Hz), 4 12 (lH, m, CHO, 3JH_F=24.9 Hz), 4.38 

(ZH, br s, ArCH20), 4.40 (lH, ddd, CH,F, 'JH_F=48.0 Hz, 2J=_H=10.5 Hz, 3JH_H~5.7 

HZ), 4.48 (la, ddd, CHbF, 2J=_F=46.5 Hz, 3JH_==3.9 Hz), 5.72 (lH, d, NCHO, 'JH_==11.4 

HZ), 5.78 (la, d, NCHO), 7.14-7.32 (5H, m, ArH), 8.21 (28, br s, H-2 and H-8); 13C 

NMRb: 69.85 (d, OCB2, JC_F=8.2 Hz), 73.83 (NCH20), 74.31 (ArCH2), 78.62 (d, CHO, 

Jc_F=18.9 Hz), 84.12 (d, CH2F, Jc_F=90.1 Hz), 120.0 (C-5), 128.66, 129.39 (Arc), 

142.93 (C-8), 150.1 (C-a), 154.17 (C-2), 157.5 (C-6); "F NMRb: -230.0. 

Conversron of benzvllc derlvatlves 9a.d znto 3.4. - General procedure: benzyloxy 

derrvatrves m (10 mmol) were dissolved III ethanol (40 ml), cyclohexene (8 ml) and 

palladaum oxrde (640 mg) were added. The mzxture was stnred under hydrogen 

atmosphere at room temperature for a period of txme dependLug on the substrate. PdO 

was carefully frltered off, solvent was removed under reduced pressure and the 

residue was purlfred by flash chromatography. Startlag from a, the thyman-J-y1 

derrvatrve 1 was obtarned m 81% yreld (flash chromatography: ethyl acetate)8 [a]:' 

-9.80 (C 0.6, EtOH), [a12i65 - 25.4O (c 0.6, EtOE); m.p. 122-124 OC (ethyl 

acetate); lH NMR b. 1 77 (3H, d, CH3C=CH, 'JH_R=1.3 Hz), 2.51 (lH, brt, OH, 3JH_H' 

3.0, 1.5 HZ), 3 43 (2H, dt, OCH2, 3J=_H=5.5 Hz, 'J=_F=1.3 Hz), 3.81 (I=, dddd, 

CEO, 3JH_p= 21.0 Hz, 3JH_A=5.7, 3.3, 3.0 HE), 
2 

4.39 (lH, ddd, CHaP, 2J=_F=47.S Hz, 

JH_==10.5 Hz, 3JH_H=5 8 Ha), 4.51 (la, ddd, CHbP, 2JR_F=47.5 Hz, 3JH_H=3.3 Hz), 

5.13 (lH, d, OCH,N, 2JH_H=10.8 Hz), 5.18 (la, d, OCHbN), 7.58 (lH, d, CH-C, aJH_==l.3 

Hz), 11.32 (Ui, brs, NH); 13C NW? b: 11 60 (CH3), 59.36 (d, OCH2, J,_F=8.8 Iiz), 

75.58 (NCH20), 77.86 (d, CHO, Jc_F=17.01Hz), 82.85 (d, CE2F, Jc_F=168.21 Hz), 109.13 

(CHJ!zE), 140.51 (NCR), 151.07 (NCONH), 164.18 (HN~OC); "I" NMR b: -232.0. Starting 

from s, the adenin-9-yl derlvatzve 4 was obtarned LII 42% yield (flash 

chromatography: ethyl acetate/ methanol 4:1): [al:' - 8.9 Of2 (c 0.6, MeOH), [G]2i65 

- 25.8O (c 0.6, YeOB), m.p. 170-172 OC (ethyl acetate); 1H NMR d: 3.53 (lH, 

ddd, HOCga, 2JH_==11.7 Hz, 3JH_H=6.0 Ha, '5 

6.6=n, aJ;_F=1.2 Hz), 
=3 
_F=1.5 HZ), 3.60 (lH, ddd, HOCQ 'JH_H= 

3.96 (Ui, m, CHO, JH_F=18.9 Hz, 3J=_==6.6, 6.0, and 3.6 

HZ), 4.39 (lH, ddd, CH,F, 2JH_F=47.7 HP, 'JH_==10.2 Hz, 3JH_H=6.0 Hz), 4.48 (lH, 

ddd, CHhF, 2JH_F=47.4 Hz, 3JR_H=3.6 Hz), 5 77 (28, (la, s, H-S), 

8.25 (lH, s, E-2); 13C NMR b: 62.03 (d, 

s, NCH20), 8.21 

HOCH2, Jc_F=8.8 Ha), 74.26 (NCH20), 80.52 

(d, CEO, JC_F=18.3 Hz), 84.57 (d, CH2F, Jls_F=169.8 Hz), 120.55 (C-5), 143.57 (C-E), 

151.47 (C-a), 154.82 (C-2), 158.00 (C-6); F NMR d: -230.45. 
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