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Oxidation of pure anomers of 5-0-monoprotected methyl 2-deoxy-~-ribofuranosides 3-6 followed 
by Lombard0 methylenation afforded the novel 3-C-methylene pentofuranosides 11 - 14. Subsequent 
osmium tetraoxide-catalyzed dihydroxylations of 11,13, and 14 afforded a mixture of erythro- and 
threo-configured 3-C-hydroxymethyl furanosides 15/16, 18/19, and 20121, respectively. However, 
analogous dihydroxylation of 5-0-(4-phenylbenzoyl)-protected p-anomer 12 proceeded with complete 
stereoselectivity to give 3-C-(hydroxymethyl)-p-~-erythro pentofuranoside 17 in 76% yield. Conver- 
sion of 17 to the corresponding primary tosylate 22, followed by base-catalyzed nucleophilic attack 
by the nucleobases adenine and thymine, afforded after deprotection compounds 25 and 26, 
respectively, as  the first examples of a novel class of nucleoside analogues. 

In the last decade, much research has been aimed a t  
blocking uncontrolled cell proliferation or the replicative 
cycle of viruses by ~hemotherapy.l-~ Although a large 
number of deoxynucleosides have been prepared and 
biologically evaluated in this ~ o n t e x t , ~ - ~  the discovery of 
more effective and selective analogues is of immense 
importance. Recently, there has been a growing interest 
in regioisomeric nucleoside analogues (“isonucleosides”) 
as potential antiviral agents: and structural examples 
are depicted in Figure 1 (structures A-D). 

In this note, 2’-deoxynucleoside analogues 25 and 26 
are reported as the first examples of a novel class of 
nucleoside analogues containing a one-atom linker be- 
tween 3’-C of the pentofuranose ring and the nucleobase. 
The key synthon 3-C-(hydroxymethyl)-@-~-erythro-pento- 
furanoside 17 was obtained from 2-deoxy-~-ribose in only 
five steps including a stereoselective dihydroxylation of 
3-C-methylene pentofuranoside 12. Additionally, 17 
should be useful as  a glycosyl donor in Vorbriiggen 
couplings7 to give 3’-C-hydroxymethyl2‘-deoxynucleoside 
analogues containing different nucleobases. The interest 
in this class of nucleosides was recently stimulated by 
results showing that duplexes involving oligodeoxynu- 
cleotide analogues containing 3’-C-(hydroxymethyl)thy- 
midine (1) (Figure 1) exhibit excellent thermal stabili- 
ties.8 
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Figure 1. Structure of 3’-C-(hydroxymethyl)thymidine (1) and 
representative isonucleosides with the nucleobase attached to 
(2-2‘ (A and B) and C-3‘ (C and D) of the sugar moiety. 

Conversion of Z-deoxy-~-ribose to an anomeric mixture 
of methyl 2-deoxy-~-erythro-pentofuranosides 2 (Scheme 
1) was obtained by acid-catalyzed glycoside formation 
under kinetic control as previously de~cr ibed .~  Reaction 
of 2 with 1.1 mol equiv of 4-phenylbenzoyl chloride in 
anhydrous pyridine gave a mixture of the two 5-0- 
monoprotected anomers 3 and 4 as earlier r e p ~ r t e d . ~  
However, we were able to isolate the pure @-anomer 4 in 
24% yield by crystallization from petroleum ether fol- 
lowed by recrystallization from toluene. The yield of the 
@-anomer can be improved, as anomerization of the 
remaining mixture, mainly containing the a-anomer 3, 
was performed by use of 0.05% HC1 in MeOH.1° Column 
chromatographic purification of the anomeric mixture 
remaining after @-crystallization afforded the a-anomer 
4 in 35% yield together with additional @-anomer 4 in 
3% yield. Reaction of 2 with 1.0 mol equiv of tert- 
butyldiphenylchlorosilane and imidazole in DMFll gave 
pure 5-0-silylated a-anomer 5 in 32% yield and the 
corresponding @-anomer 6 in 26% yield after column 
chromatographic purification. Assignment of anomeric 
configuration were for all four compounds 3-6 done by 
‘H-lH COSY and lH NOE experiments. Especially 
important were the mutual key NOE contacts between 

(9) Motawia, M. S.; Pedersen, E. B. Liebigs. Ann. Chem. 1990, 599. 
(10) This anomerization has not been optimized. 
(11) Hansen, P.; Pedersen, E. B. Acta. Chem. Scand. 1990,44,522. 
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a (a)  4-Phenylbenzoyl chloride (BipCl), pyridine; (b) tert-butyldiphenylchlorosilane (TBDPSCl), imidazole, DMF; (c) Cr03,  pyridine, 
acetic anhydride, CH2C12; (d) Zn, CH2Br2, TiC14, THF, CH2Clz; (e) OsO4, N-methylmorpholine N-oxide, pyridine, HzO, tert-butanol. 

H-1 and H-4 which were observed for the P-anomers but 
not for the a-anomers. Oxidation of 3-6 with chromium 
trioxidelpyridinelacetic anhydride reagent12J3 gave the 
corresponding 3-uloses 7-10 which were used in the next 
step without purification. Wittig methylena t i~n '~  was 
attempted for the 5-0-silyl protected compounds 9 and 
10, but analytical TLC indicated formation of several 
products (not identified) and incomplete conversion of the 
starting ketones. Consequently, only minor amounts of 
the expected 3'Gmethylene products were isolated. 
Therefore, we used the electrophilic organometallic re- 
agent consisting of ZdCHzBrdTiCL in THFI5J6 ("Lom- 
bardo methylenation"), and 3-C-methylene products 11- 
14 were obtained in 58-71% yield. Compared to the 
published procedure for synthesis of ethyl 2,3-dideoxy- 
3-C-methylene-~-glycero-pentofuranoside in six steps 
from 3-methyl-2-butenal," we have accomplished an only 
four-step synthesis of analogous 5-0-protected methyl 
2,3-dideoxy-3-C-methylene-~-gZycero-pentofuranosides 11- 
14 from 2-deoxy-~-ribose. 

To synthesize 3-C-hydroxymethyl pentofuranoside 
derivatives, we used catalytic amounts of osmium tet- 
raoxidelsJg in basic aqueous tert-butyl alcohol using 

(12) Garegg, P. J.; Samuelsson, B. Carbohydr. Res. 1978, 67, 267. 
(13) Motawia, M. S.; Pedersen, E. B. Liebigs.Ann. Chem. 1990,1137. 
(14) Samano, V.; Robins, M. J. Synthesis 1991, 283. 
(15) Lombardo, L. Tetrahedron Lett. 1982,23, 4293. 
(16) Sharma, M.; Bobek, M. Tetrahedron Lett. 1990, 31, 5839. 
(17)Raifeld, Y. E.; Vid, G. Y.; Mikerin, I. E.; Arshava, B. M.; 

Nikitenko, A. A. Carbohydr. Res. 1992,224, 103. 

N-methylmorpholine N-oxide as cooxidant. N-Methyl- 
morpholine N-oxide is a preferable cooxidant compared 
to a variety of other known cooxidants,18-21 because it 
retards overoxidation. When 5-0-(4-phenylbenzoyl)- 
protected P-D-pentofuranoside 12 was used as substrate, 
the desired P-D-erythro isomer 17 was isolated in 76% 
yield after column chromatographic purification. As no 
other product (except unreacted starting material 12) was 
isolated or detected (analytical TLC), the dihydroxylation 
of 12 proceeded with complete stereoselectivity. When 
the same reaction was done on the corresponding a-ano- 
mer 11, both the erythro isomer (15, 18% yield) and the 
threo isomer (16,47% yield) were obtained after column 
chromatographic purification. Thus, the effect of the 
configuration around the anomeric center on the stere- 
ochemical outcome of the &hydroxylations is pronounced. 
The positioning of both the 5-0-acyl protective group and 
the glycosidic bond at the P-face of the pentofuranose ring 
directs the dihydroxylation to proceed exclusively from 
the less sterically hindered a-face. Dihydroxylation of 
methyl 5-0-tert-butyldiphenylsilyl-protected pentofuran- 
oside 14 afforded a h r  column chromatographic purifica- 
tion 5-O-(tert-butyldiphenylsilyl)-2-deoxy-3-C-(hydroxy- 
methyl)-P-D-erythro-pentofuranoside 20 in 22% yield plus 
a large fraction consisting of a mixture (7:l) of the 

(18) Van Rheenen, V.; Kelly, R. C . ;  Cha, D. Y. Tetrahedron Lett. 

(19) Schroder, M. Chem. Rev. 1980, 80, 187. 
(20) Ray, R.; Matteson, D. S. Tetrahedron Lett. 1980,21, 499. 
(21) Milas, N. A.; Sussman, S. J. J. Am. Chem. SOC. 1937,59,2345. 
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products commenced, and after 48 h the reactions were 
completed. In the case of thymine, we observed -20% 
of the N-1,N-3 dialkylated compound but no N-3 mono- 
alkylated product. The reaction with adenine afforded 
exclusively the desired N-9 alkylated product. Isolation 
of the 5'-O-protected nucleoside analogues by use of 
column chromatography afforded adenine derivative 23 
in 65% yield and thymine derivative 24 in 42% yield. The 
structural assignment of the adenine nucleoside 23 was 
done by comparison with structurally related compounds,6c 
whereas the N-1 alkylated structure of the thymine 
nucleoside 24 was confirmed by 'H-IH COSY and 'H 
NOE experiments (e.g. mutual NOE effects between H-6 
and 3'-C-CHfl-2'/3). Deprotection using ammonia in 
methanol gave after column chromatographic purification 
the novel nucleoside analogues 25 and 26 in 65% and 
94% yield, respectively. Thus, this methodology offers 
easy access to this novel class of nucleoside analogues 
that, besides their potential as possible biologically active 
compounds, are interesting as possible monomeric sub- 
stitutes in modified oligonucleotide analogues. In addi- 
tion, other nucleophiles than nucleobases could be used 
in syntheses of a large variety of hitherto unknown 
carbohydrate derivatives. 

In summary, an  effective and stereoselective synthetic 
route from 2-deoxy-~-ribose to the corresponding methyl 
2-deoxy-3-C-( hydroxymethy1)-P-D-erythro-pentofurano- 
side 17 in only five steps has been developed. A new class 
of nucleoside analogues has been introduced by use of 
furanoside 17 and tosylate 22 as  key synthetic interme- 
diates. 
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a (a) p-Toluenesulfonyl chloride, pyridine; (b) adenine, KzCO3, 
18-crown-6, DMF; (c) Na-salt of thymine, K2C03, 18-crown-6, 
DMF; (d) NH3 in MeOH. 

erythro and threo isomers (20 and 21, respectively) in 56% 
yield. IH-lH COSY and lH NOE difference experiments 
confirmed 15,17, and 20 as being erythro isomers. Thus, 
e.g. mutual NOE contact between 3-C-CHz and H-5 were 
observed. Analogously, mutual NOE contacts between 
H-2a, 3-C-CH2, and H-4 confirmed the threo-configura- 
tion of compound 16. Using the same dihydroxylation 
procedure, the a-anomer 13 afforded 18 and 19 as an  
inseperable mixture (approximately 1: l )  in a total yield 
of 83%. From these results (Scheme 1) it  is clear, due to 
the advantageous crystallization of the ,!?-anomer 4 and 
subsequent stereoselective dihydroxylation of 3-C-meth- 
ylene derivative 12, tha t  the synthetic route 2 - 4 - 8 - 12 - 17 represents an  attractive strategy for prepara- 
tion of P-D-erythro configurated 3-C-hydroxymethyl2-de- 
oxyfuranose derivatives. 

As the first step in syntheses of the novel nucleoside 
analogues 25 and 26 (Scheme 21, furanoside 17 was 
reacted with p-toluenesulfonyl chloride in pyridine a t  
room temperature to afford 22 in 86% yield after column 
chromatography. The tosylated compound 22 was sub- 
sequently reacted with either adenine or the sodium salt 
of thymine,22 potassium carbonate, and 18-crown-6 in 
anhydrous DMF a t  65 "C. In both cases, complete 
conversion of the starting material to a less polar product 
was observed by analytical TLC after 1 h reaction. 
Isolation of this product failed, but NMR and EI-MS of 
the crude material indicated i t  to be a 3(R)-spiro-epoxide. 
Accordingly, when the reaction mixture was heated a t  
95 "C, formation of the expected nucleobase-alkylated 

(22) Holy, A.; $ o m ,  F. Coll. Czech. Chem. Commun. 1969,34,3383. 

Experimental Section 

General. NMR spectra were recorded at 250 and 500 MHz 
for 'H NMR and 62.9 and 125 MHz for 13C NMR. lH NMR 
chemical shifts are in ppm relative to tetramethylsilane as 
internal standard. lH NMR peak assignments for compounds 
11,12,15-17,20, and 22-26 were derived from 'H-lH COSY 
and NOE (compounds 15-17, 20, 24, and 25) NMR experi- 
ments. 13C NMR peak assignment for compound 17 were 
derived from INEPT and lH-13C COSY experiments. Micro- 
analyses were performed at Department of chemistry, Uni- 
versity of Copenhagen. The silica gel used for column chro- 
matography (0.040-0.063 mm) was purchased from Merck. 
Methyl 2-Deoxy-5-0-(4-phenylbenzoyl)-a-~-erythro- 

pentofuranoside (3)O and Methyl 2-Deoxy-S-O-(I-phenyl- 
benzoyl)-/l-D-erythro-pentofuranoside (41.O 4-Phenylben- 
zoyl chloride (16.09 g, 0.075 mol) was added in small portions 
to a stirred solution of methyl 2-deoqm-erythro-pentofurano- 
side (10.08 g, 0.068 mol) in anhydrous pyridine (125 mL) 
at -20 "C. The mixture was allowed to warm to 0 "C and 
stirring was continued for 4 h. The reaction mixture was 
poured into crushed ice and extracted with CHzCl2 (4 x 200 
mL). The combined organic phase was washed with a satu- 
rated aqueous solution of NaHC03 (4 x 100 mL), dried (Naz- 
SO& and evaporated to dryness. The residue was coevapo- 
rated with toluene (2 x 40 mL). The resulting pale yellow 
solid was dissolved in CHzClz (35 mL) and cooled to 0 "C. After 
addition of petroleum ether (100 mL), the /?-anomer 4 crystal- 
lized. Recrystallization from toluene gave analytically pure 
4. Yield 5.30 g (24%). Rf = 0.25 (5% MeOH in CHaC12, v/v). 
Mp 116-118 "C. After evaporation, the remaining product 
was chromatographed on silica gel (30% petroleum ether in 
CH2C12, v/v) to give the a-anomer 3 as a gum. Yield 7.84 g 
(35%). Rf = 0.38 (5% MeOH in CHzC12, v/v). Additional 
/?-anomer 4 (0.74 g, 3%) was obtained as the more polar 
product. lH NMR and 13C NMR for both isomers were in 
accordance with published data.g 
Methyl 2-Deoxy-5-0-(4-pheny~benzoyl)-a-~-glycero- 

pentofuranosid-3-ulose (7).12 To a stirred mixture of an- 
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hydrous pyridine (5.3 mL, 0.065 mol) and anhydrous CHzClz 
(60 mL) under argon was added Cr03 (3.20 g, 0.032 mol), and 
stirring was continued at rt for 15 min. Compound 3 (2.90 g, 
8.8 mmol) was dissolved in CHzClz (25 mL) and added to the 
above mixture. Immediate addition of acetic anhydride (3.2 
mL, 0.033 mol) followed. After 15 min, the dark brown 
solution was carefully added to stirred ethyl acetate (450 mL) 
and filtered through silica. The resulting pale yellow solution 
was evaporated to dryness and coevaporated with toluene (2 
x 50 mL) to give ketone 7 as a pale yellow solid which was 
used for preparation of 11 without further purification. Yield 
2.62 g (91%). Rf= 0.72 (10% MeOH in CHzClz, vlv). lH NMR 
and 13C NMR were in accordance with published data.12 
Methyl 2-Deoxy-5-0-(4phenylbenzoy1)-/3-~-glycero-pen- 

tofuranosid-3-ulose (8).lZ To a stirred solution of anhydrous 
pyridine (4.0 mL, 0.050 mol), in anhydrous CHzClz (55 mL) 
was added CrO3 (2.46 g, 0.025 mol), and stirring was continued 
at rt for 15 min. Compound 4 (3.20 g, 9.7 mmol) was dissolved 
in anhydrous CHzClz (20 mL) and added to the above mixture. 
Immediate addition of AczO (2.3 mL, 0.025 mol) followed. 
Reaction and workup as described for 7 afforded 8 as a pale 
yellow solid which was used for preparation of 12 without 
further purification. Yield 2.79 g (88%). Rf = 0.69 (10% MeOH 
in CHZC12, v/v). lH NMR and 13C NMR were in accordance 
with published data.12 
Methyl 5-O-(tert-Butyldiphenylsilyl)-2-deoxy-a-~-gly- 

cero-pentofuranosid-3-ulose (9). To a stirred solution of 
anhydrous pyridine (5.2 mL, 0.064 mol) in anhydrous CHzClz 
(70 mL) was added CrO3 (3.21 g, 0.032 mol), and stirring was 
continued at rt for 15 min. Compound 5 (4.13 g, 10.7 mmol) 
was dissolved in anhydrous CHzClz (20 mL) and added to the 
above mixture. Immediate addition of AczO (3.0 mL, 0.032 
mol) followed. Reaction and workup as described for 7 afforded 
9 as a yellow oil which was used for preparation of 13 without 
further purification. Yield 3.91 g (95%). Rf= 0.85 (15% EtOAc 
in CHZC12, v/v). 'H NMR (CDC13) 6 1.01 (9H, s), 2.43 (lH, d, 
J = 17.6 Hz), 2.68 (lH, dd, J = 5.4, 17.7 Hz), 3.45 (3H, s), 
3.87 (lH, dd, J = 1.7, 10.6 Hz), 3.91-3.99 (2H, m), 5.41 (lH, 
d, J = 5.1 Hz), 7.34-7.70 (lOH, m). 13C NMR (CDC13) 6 19.10, 
26.55, 44.25, 54.79, 62.88, 78.64, 101.47, 127.59, 127.61, 
129.60, 129.65, 132.73, 132.86, 135.46, 135.48, 212.25. Anal. 
Calcd for CzzHzsSi04: C, 68.71; H, 7.34. Found: C, 68.53; H, 
7.38. 
Methyl 5-O-(tert-Butyldiphenylsilyl)-2-deoxy-/3-~-gly- 

cero-pentofuranosid-3-ulose (10). To a stirred solution of 
anhydrous pyridine (4.3 mL, 0.053 mol) in anhydrous CHzClz 
(60 mL) was added CrO3 (2.68 g, 0.027 mol), and stirring was 
continued at rt for 15 min. Compound 6 (3.35 g, 8.87 mmol) 
was dissolved in anhydrous CHzClz (20 mL) and added to the 
above mixture. Immediate addition of AczO (2.5 mL, 0.027 
mol) followed. Reaction and workup as described for 7 afforded 
10 as a pale yellow oil which was used for preparation of 14 
without further purification. Yield 2.98 g (89%). Rf = 0.79 
(5% MeOH in CHzClz, vlv). 'H NMR (CDC13) 6 1.06 (9H, s), 
2.43(1H,d,J=18.3Hz),2.74(1H,dd,J=5.6,18.3Hz),3.39 
(3H, s), 3.81 (lH, dd, J = 5.9, 11.1 Hz), 3.90 (lH, dd, J = 3.2, 
11.1 Hz), 4.14 (lH, dd, J = 3.2, 5.6 Hz), 5.33 (lH, dd, J = 2.0, 
5.6 Hz), 7.34-7.71 (lOH, m). 13C NMR (CDC13) 6 19.13,26.58, 
43.56, 54.89, 64.86, 81.84, 102.13, 127.57, 127.64, 129.50, 
129.61, 129.72, 132.99, 133.08, 135.51, 135.56, 211.79. 
Methyl 2,3-Dideo~y-3-C-methylene-5-0-(4-phenylben- 

zoy1)-a-D-glycero-pentofuranoside (1 1). To a stirred solu- 
tion of ketone 7 (1.46 g, 4.6 mmol) in anhydrous CHzClz (65 
mL) under argon at 0 "C was added three portions of the slurry 
reagent15 (3 x 15 mL; 10 min intervals) prepared from Zn (7.5 
g, 120 mmol), CHzBrz (2.7 mL, 38 mmol), and Tic14 (3.15 mL, 
29 mmol) in anhydrous THF (70 mL). After stirring for 15 
min, the reaction mixture was allowed to  warm to  rt, stirred 
for 45 min, and then poured into a mixture of ice and a 
saturated aqueous solution of NaHC03 (500 mL). The mixture 
was stirred for 10 min with CHC13 (300 mL) and filtered 
through silica gel on a glass filter. The organic phase was 
separated, dried (NazSO4), and evaporated. Purification using 
silica gel column chromatography (0-0.5% MeOH in CHzClz, 
v/v) afforded 11 as a white solid. Yield 0.87 g (58%). Rf = 
0.53 (50% EtOAc in petroleum ether, vlv). lH NMR (CDC13) 6 
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2.56-2.63 (lH, m, H-2a), 2.75-2.86 (1 H, m, H-2b), 3.40 (3H, 
s, OCHs), 4.41 (lH, dd, J = 5.7, 11.7 Hz, H-5a), 4.55 (lH, dd, 
J = 3.4, 11.7 Hz, H-5b), 5.11-5.13 (lH, m, H-41, 5.16-5.20 
(3H, m, H-1, 3-C-CHza, 3-C-CHzb)) 7.36-8.14 (9H, m, Ar). 13C 
NMR (CDC13) 6 39.58, 54.59, 66.58, 77.23, 103.96, 107.39, 
126.96, 127.16, 128.05, 128.63, 128.82,130.09, 139.88, 145.16, 
145.68, 166.19. EI-MS mlz = 324 (M+, 1.1%). Anal. Calcd 
for C20H2004: C, 74.06; H, 6.21. Found: C, 73.95; H, 6.09. 
Methyl 2,3-Dideoxy-3-C-methylene-5-0-(4-phenylben- 

zoyl)-/?-D-glycero-pentofuranoside (12). To a stirred solu- 
tion of ketone 8 (2.79 g, 8.5 mmol) in anhydrous CHzClz (65 
mL) under argon at 0 "C was added three portions of the slurry 
reagent15 (3 x 15 mL; 10 min intervals) prepared from Zn (15 
g, 240 mmol), CHzBrz (5.2 mL, 74 mmol), and Tic14 (6.3 mL, 
58 mmol) in anhydrous THF (150 mL). Reaction, workup, and 
purification as described for 11 afforded 12 as a white solid. 
Yield 1.95 g (71%). Rf= 0.55 (50% EtOAc in petroleum ether, 
v/v). lH NMR (CDCl3) 6 2.65 (lH, dd, J = 3.6, 14.8 Hz, H-2a), 
2.80-2.94 (lH, m, H-2b), 3.38 (3H, s, OCHs), 4.39 (lH, dd, J 
= 7.6, 11.5 Hz, H-5a), 4.50 (lH, dd, J = 4.2, 11.5 Hz, H-5b), 
4.84-4.87 (lH, m, H-4), 5.10-5.17 (2H, m, 3-C-CHza, 3-C- 
CHZb), 5.19 (lH, m, H-l), 7.38-8.18 (9H, m, Ar). 13C NMR 

127.25, 128.10, 128.89, 130.23,140.03, 145.51, 145.72, 166.32. 
EI-MS mlz = 324 (M+, 2.1%). Anal. Calcd for C20H2004: C, 
74.06; H, 6.21. Found: C, 73.92; H, 6.30. 
Methyl 5-O-(tert-Butyldiphenylsilyl)-2,3-dideoxy-3-C- 

methylene-a-D-glyceroo-pentofuranoside (13). To a stirred 
solution of ketone 9 (1.88 g, 4.9 mmol) in anhydrous CHzClz 
(80 mL) under argon at 0 "C was added three portions of the 
slurry reagent15 (3 x 25 mL, 10 min intervals) prepared from 
Zn (8.1 g, 124 mmol), CHzBrz (2.9 mL, 41 mmol) and Tic14 
(3.4 mL, 31 mmol) in anhydrous THF (80 mL). Reaction and 
workup as described for 11 followed by purification using silica 
gel column chromatography (15% EtOAc in petroleum ether, 
vlv) afforded 13 as a colorless oil. Yield 1.24 g (66%). Rf = 
0.91 (15% EtOAc in CHzClz, v/v). 'H NMR (CDC13) 6 1.06 (9H, 
s), 2.50 (lH, d, J = 15.9 Hz), 2.69-2.79 (lH, m), 3.37 (3H, s), 
3.73-3.76 (2H, m), 4.52 (lH, dd, J = 2.0, 4.0 Hz), 4.96-4.97 
(lH, m), 5.07-5.11 (2H, m), 7.33-7.73 (lOH, m). 13C NMR 

106.48, 127.60, 129.60, 133.53, 133.60, 135.69, 146.39. Anal. 
Calcd for C~3H30Si03: C, 72.21; H, 7.90. Found: C, 72.31; H, 
8.09. 
Methyl 5-O-(tert-Butyldiphenylsilyl)-2,3-dideoxy-3-C- 

methylene-~-D-glycero-pentofuranoside (14). To a stirred 
solution of ketone 10 (1.16 g, 3.0 mmol) in anhydrous CHzClz 
(70 mL) under argon at 0 "C was added three portions of the 
slurry reagent15 (3 x 20 mL, 10 min intervals) prepared from 
Zn (5.1 g, 78 mmol), CHzBrz (1.8 mL, 26 mmol), and Tic14 (2.1 
mL, 19 mmol) in anhydrous THF (60 mL). Reaction and 
workup as described for 11 followed by purification using silica 
gel column chromatography (CHzC12) afforded 14 as a colorless 
oil. Yield 0.69 g (60%). Rf = 0.90 (CHzClz). 'H NMR (CDC13) 
6 1.08 (9H, s), 2.49-2.57 (lH, m), 2.78 (lH, ddd, J = 2.0, 4.7, 
16.4 Hz), 3.26 (3H, s), 3.72-3.76 (2H, m), 4.57-4.62 (lH, m), 
5.02-5.04 (3H, m), 7.34-7.72 (lOH, m). 13C NMR (CDC13) 6 
19.16,26.72,40.00,54.35,68.21,81.38, 104.09, 106.73,127.54, 
129.50, 129.52, 133.47, 133.57, 135.52, 146.34. Anal. Calcd 
for C~3H30Si03: C, 72.21; H, 7.90. Found: C, 72.15; H, 7,74. 
Methyl 2-Deoxy-3-C-(hydroxymethyl)-5-0-(4-phenyl- 

benzoyl)-a-D-erythro-pentofuranoside (15) and Methyl 
2-Deoxy-3-C-(hydroxymethyl)-5-O-(4-phenylbenzoyl)-a- 
D-threo-pentofuranoside (16). To a solution of compound 
11 (526 mg, 1.62 mmol) in tert-butyl alcohol (15 mL) was added 
N-methylmorpholine N-oxide (1.31 g, 11.22 mmol), pyridine 
(0.7 mL, 8.6 mmol), HzO (0.95 mL), and osmium tetraoxide 
(75 pL of a 2.5% solution in tert-butyl alcohol, 6 pmol). The 
reaction mixture was stirred under argon at 76 "C for 5 h, 
cooled to rt, and treated with a 20% aqueous solution of sodium 
bisulfite (4 mL). The mixture was evaporated to dryness under 
reduced pressure, a saturated aqueous solution of NaCl(5 mL) 
was added, and the mixture was extracted with EtOAc (3 x 
10 mL). The combined organic phase was dried (Na~S04) and 
evaporated. Purification using silica gel column chromatog- 
raphy (0-2.5% MeOH in CHzClz, v/v) gave 15 as an off-white 

(CDC13) 6 39.99, 54.58, 68.31, 78.71, 104.54, 107.49, 127.03, 

(CDC13) 6 19.27, 26.81, 39.97, 54.47, 66.70, 80.32, 103.99, 
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solid. Yield 102 mg (18%). Rf = 0.62 (10% MeOH in CHzC12, 
v/v). lH NMR (CDC13) 6 2.07-2.23 (2H, m, H-2a, H-2B), 2.88 
(1H, s), 3.42 (3H, s, OCH3), 3.80 (lH, d, J = 17.5 Hz, 3-C- 
CHza), 3.85 (lH, d, J = 17.5 Hz, 3-C-CHzb), 4.04 (lH, br s), 
4.34 (lH, dd, J = 4.9, 11.8 Hz, H-5a), 4.44-4.48 (lH, m, H-4), 

H-l), 7.36-8.12 (9H, m, Ar). 13C NMR (CDC13) 6 42.69,55.01, 
63.42, 64.74, 80.87, 85.04, 104.44, 126.99, 127.10, 128.07, 
128.29, 128.79, 129.97, 130.09, 139.69, 145.76, 165.99. Anal. 
Calcd for C2oHz206: C, 67.03; H, 6.19. Found: C, 66.99; H, 
6.51. As the more polar product, 16 was obtained as an off- 
white solid, Yield 271 mg (47%). Rf = 0.53 (10% MeOH in 

Hz, H-2a), 2.29 (lH, dd, J = 5.7, 14.3 Hz, H-281, 3.14 (lH, s), 
3.29 (lH, br s), 3.36 (3H, s, OCH3), 3.79 (lH, d, J = 17.6 Hz, 
3-C-CHza), 3.85 (lH, d, J = 17.6 Hz, 3-C-CHzb), 4.22 (lH, dd, 
J = 3.8, 6.4 Hz, H-4), 4.45 (lH, dd, J = 6.4, 11.9, H-5a), 4.77 

Hz, H-I), 7.38-8.12 (9H, m, Ar). 13C NMR (CDC13) 6 44.72, 
54.99, 64.49, 67.76, 80.28, 80.90, 103.39, 126.97, 127.13, 
128.09, 128.31, 128.82, 130.13, 139.71, 145.83, 166.84. Anat. 
Calcd for CzoH2zOs: C, 67.03; H, 6.19. Found: C, 66.79; H, 
6.47. 
Methyl 2-Deoxy-3-C-(hydroxymethyl)-5-0-(4-phenyl- 

benzoyl)-/.?-D-erythr-pentofuranoside (17). To a solution 
of compound 12 (1.95 g, 5.98 mmol) in tert-butyl alcohol (55 
mL) was added N-methylmorpholine N-oxide (4.85 g, 41.51 
mmol), pyridine (2.6 mL, 31.8 mmol), H2O (3.6 mL) and 
osmium tetraoxide (275 yL of a 2.5% solution in tert-butyl 
alcohol, 22 pmol). Reaction and workup as described for 15/ 
16 afforded 17 as a white solid after silica gel column 
chromatography (0-2.5% MeOH in CHzC12, v/v). Yield 1.62 g 
(76%). Rf = 0.35 (10% MeOH in CH2C12, v/v). 'H NMR 
(CDC13) 6 2.04 (lH, dd, J = 3.4, 14.2 Hz, H-2a), 2.33 (lH, dd, 
J = 5.9, 14.2 Hz, H-28), 2.94 (lH, br s), 3.37 (3H, s, OCH3), 
3.44 (lH, s), 3.83-3.89 (2H, m, 3-C-CHza, 3-C-CHzb), 4.33 (lH, 
dd, J = 4.5,6.5 Hz, H-4), 4.40 (lH, dd, J = 6.5, 11.1 Hz, H-5a), 

5.9 Hz, H-l), 7.25-8.13 (9H, m, Ar). 13C NMR (CDC13) 6 43.18 
(C-2), 55.48 (OCH3), 64.41 (C-5), 64.99 (3-C-CHz), 81.61 (C-4), 

128.89,130.18,139.86,145.88 (Ar), 166.39 (C=O). ELMS: m/z 
(%) = 358 (M+, 0.3%). Anal. Calcd for C2OH2206: C, 67.03; H, 
6.19. Found: C, 66.66; H, 6.28. 
Methyl 5-O-(tert-Butyldiphenylsilyl)-2-deoxy-3-C-(hy- 

droxymethyl)-a-Dsrythm-pentofuranoside (18) and Meth- 
yl 5-O-(tert-Butyldiphenylsilyl)-2-deoxy-3-C-(hydroxy- 
methyl)-a-D-threo-pentofuranoside (19). To a solution of 
13 (0.437 g, 1.14 mmol) in tert-butyl alcohol (15 mL) was added 
N-methylmorpholine N-oxide (0.93 g, 7.9 mmol), pyridine (0.6 
mL, 7.4 mmol), H20 (0.7 mL, 38.9 mmol), and os04 (60 yL of 
a 2.5% solution in tert-butyl alcohol, 4.8 ymol). Reaction and 
workup as described for 15/16 afforded an inseparable mixture 
of 18 and 19 (1:l) as a solid white material after silica gel 
column chromatography (25% cyclohexane in EtOAc, v/v). 
Yield 395 mg (83%). Rf = 0,56 (10% MeOH in CH2C12, v/v). 

54.98, 62.97, 63.08, 64.87, 67.80, 81.08, 81.16, 81.30, 87.46, 
103.43, 104.62, 127.72, 127.82, 127.90,129.82, 129.90, 130.02, 
130.06, 132.12, 132.31, 132.59, 132.71,135.49,135.52,135.64. 
Anal. Calcd for C23H32Si05 (1:l mixture): C, 66.31; H, 7.74. 
Found: C, 66.49; H, 7.78. 
Methyl 5-O-(tert-Butyldiphenylsilyl)-2-deoxy-3-C-(hy- 

droxymethyl)-B-D-erythm-~ntofuranoside (20) and Meth- 
yl 5-O-(tert-Butyldiphenylsilyl)-2-deoxy-3-C-(hydroxy- 
methyl)-B-D-threo-pentofuranoside (21). To a solution of 
compound 14 (0.526 g, 1.62 mmol) in tert-butyl alcohol (55 mL) 
was added N-methylmorpholine N-oxide (4.85 g, 41.51 mmol), 
pyridine (2.6 mL, 31.8 mmol), H2O (3.6 mL), and osmium 
tetraoxide (275 yL of a 2.5% solution in tert-butyl alcohol, 22 
ymol). Reaction and workup as described for 15/16 afforded 
20 as a white solid after silica gel column chromatography 
(25% cyclohexane in EtOAc, dv). Yield 117 mg (20%). Rf = 
0.70 (10% MeOH in CH2C12, v/v). 'H NMR (DMSO-&) 6 1.00 
(9H, s, tert-butyl), 1.92 (lH, dd, J = 4.8, 13.4 Hz, H-28), 2.04 
(lH, dd, J = 5.6, 13.4 Hz, H-2a), 3.30 (3H, s, OCHs), 3.51- 

4.61(1H,dd,J=3.8,11.8H~,H-5b),5.15(1H,d,J=3.9H~, 

CH2C12, v/v). 'H NMR (CDC13) 6 2.07 (lH, dd, J = 2.1, 14.3 

(lH,dd,J=3.8H~,l1.9H~,H-5b),5.16(1H,dd,J=2.1,5.7 

6.61 (lH, dd, J = 4.5, 11.1 Hz, H-5b), 5.20 (lH, dd, J = 3.4, 

84.51 (C-3), 105.13 (C-1), 127.08, 127.22, 128.15, 128.54, 

13C NMR (CDC13) 6 19.06, 19.11, 26.66, 26.76, 42.66, 44.99, 

3.54 (2H, m, 3-C-CHza, 3-C-CHzb1, 3.65 (lH, dd, J = 6.1, 10.8 
Hz, H-5a), 3.82 (lH, dd, J = 4.3, 10.8 Hz, H-5b), 3.93 (lH, dd, 

4.80 (lH, s), 5.09-5.13 (lH, m, H-l), 7.39-7.72 (lOH, m, Ar). 

80.49, 87.06, 104.91, 127.66, 127.68, 129.64, 132.94, 132.96, 
134.98, 135.01. Anal. Calcd for C23H32Si05Q.25 H2O: C, 
65.60; H, 7.78. Found: C, 65.89; H, 7.77. Besides, a 7:l 
mixture of 20 and 21 was isolated as a white solid material. 
Yield 327 mg (56%). Data for 21: 13C NMR (DMSO-&) 6 
18.63, 26.50, 42.83, 54.03, 64.82, 64.89, 74.59, 80.08, 104.80, 
129.59,132.92,133.03, 134.95,135.02. Anal. Calcd for C23H32- 
sio54.25 H2O (7:l mixture): C, 65.60; H, 7.78. Found: C, 
65.44; H, 7.82. 
Methyl 2-Deoxy-5-O-(4-phenylbenzoyl)-3-C-(@-tol- 

uenesulfonyloxy)methyl)-B-D-erythro-pentofuranoside 
(22). To a stirred solution of compound 17 (0.300 g, 0.85 "01) 
in anhydrous pyridine (5 mL) was added p-toluenesulfonyl 
chloride (0.250 g, 1.3 mmol) at 0 "C. After 1 h, the reaction 
mixture was allowed to warm to rt, and stirring was continued 
for 18 h. Additional p-toluenesulfonyl chloride (0.05 g, 0.26 
mmol) was added, and stirring was continued at rt for another 
18 h. The reaction mixture was diluted with EtOAc (25 mL), 
washed with a saturated aqueous solution of NaHC03 (3 x 
10 mL), dried (NazSOa), and evaporated. Purification using 
silica gel column chromatography (0-1% MeOH in CHzClZ, 
v/v) afforded tosylate 22 as a white solid. Yield 0.39 g (86%). 
Rf= 0.70 (5% MeOH in CH2C12, v/v). IH NMR (CDC13) 6 2.10 
(lH, dd, J = 3.1, 14.0 Hz, H-2a), 2.32 (lH, dd, J = 5.7, 14.0 

4.26-4.52(3H, m, H-4, H-5a, H-5b), 5.14 (lH, dd, J =  3.1, 5.7 
Hz, H-l), 7.25-8.09 (13H, m, Ar). 13C NMR (CDC13) 6 21.61, 
43.29,55.48, 63.14,72.34,79.47,83.92,104.76,127.07,127.24, 
128.01, 128.23, 128.45, 128.96, 129.99, 130.19, 139.88,145.31, 
145.86, 165.84. Anal. Calcd for C ~ , H Z ~ O & H Z ~ :  c, 61.12; H, 
5.70; S, 6.04. Found: C, 61.11; H, 5.54; S, 6.37. 
Methyl 3-C-(Adenin-9-ylmethyl)-2-deoxy-S-O-(4-phen- 

ylbenzoyl)-B-D-erythro-pentofuranoside (23). Compound 
17 (282 mg, 0.55 mmol) was dissolved in anhydrous DMF (5 
mL), and the solution was stirred under argon. K2C03 (0.37 
g, 2.2 mmol), 18-crown-6 (0.150 g, 0.55 mmol), and adenine 
(0.148 g, 1.1 mmol) were added. Stirring was continued at 65 
"C for 24 h and subsequently at  90 "C for another 24 h. The 
solvent was evaporated, and the residue was redissolved in 
EtOAc (15 mL). The mixture was washed with saturated 
aqueous solutions of NaHC03 (3 x 10 mL) and water (2 x 10 
mL). The organic phase was dried (Na2S04) and evaporated. 
Purification using silica gel column chromatography (14% 
MeOH in CHzC12, v/v) afforded 23 as a white solid. Yield 175 
mg (65%). Rf = 0.30 (10% MeOH in CH2C12, v/v). lH NMR 

5.5, 13.8 Hz, H-2'a), 3.40 (3H, s, OCH3), 4.40 (lH, dd, J = 4.4, 
6.3 Hz, H-4), 4.46 (lH, d, J = 14.1 Hz, Y-C-CHza), 4.58 (lH, 
dd, J = 6.3, 11.7 Hz, H-5'a), 4.70 (IH, dd, J = 4.4, 11.7 Hz, 

5.5 Hz, H-l), 6.07 (2H, s), 6.69 (lH, s), 7.38-7.69 (7H, m, Ar), 
7.83 (lH, s, H-2), 8.15-8.17 (2H, m, Ar), 8.32 (lH, s, H-8). 13C 
NMR(CDCl3) 6 42.96,50.62,55.45,63.05,79.48,83.65,104.22, 
119.73,127.15,127.29,128.23, 128.52, 128.95, 130.26, 139.94, 
142.25, 146.00, 150.13, 152.54, 155.80, 166.15. HRMS Calcd. 
for C ~ S H ~ ~ N S O ~ :  475.1856. Found: 475.1853. Anal. Calcd. 
for C~5H25N505.0.9H20: C, 61.07; H, 5.49; N, 14.24. Found: 
C, 61.11; H, 5.30; N, 14.09. 
Methyl 2-Deoxy-5-0-(4-phenylbemoyl)-3-C-(thymin- 1- 

ylmethyl)-B-D-erythro-pentofuranoside (24). Compound 
17 (300 mg, 0.58 mmol) was dissolved in anhydrous DMF (5 
mL), and the solution was stirred under argon. K2C03 (0.40 
g, 2.38 mmol), 18-crown-6 (0.150 g, 0.55 mmol), and the sodium 
salt of thymine22 (0.250 g, 1.7 mmol) were added. Stirring was 
continued at 65 "C for 5 h and subsequently at 90 "C for 48 h. 
"he solvent was evaporated, and the residue was redissolved 
in EtOAc (15 mL). The mixture was washed with saturated 
aqueous solutions of NaHC03 (3 x 10 mL) and water (2 x 10 
mL). The organic phase was dried (NazS04) and evaporated. 
Purification using silica gel column chromatography (1 -5% 
MeOH in CHzC12, v/v) afforded 24 as a white solid. Yield 116 

J = 4.5, 5.8 Hz, H-4), 4.58 (lH, t, 3-C-CHzOH, J = 5.5 Hz), 

13C NMR (DMSO&) 6 18.65,26.42,42.21, 54.91,63.82, 64.04, 

Hz, H-2b), 2.38 (3H, S, CH3), 2.87 (lH, SI, 3.29 (3H, S, OCH3), 

(CDC13) 6 1.85 (lH, d, J = 13.8 Hz, H-2'8), 2.11 (lH, dd, J = 

H-5'b), 4.78 (lH, d, J = 14.1 Hz, 3'-C-CHzb), 5.07 (lH, d, J = 
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mg (42%). Rf = 0.33 (7.5% MeOH in CHzClZ, vh). lH NMR 

H-Ya), 2.28 (lH, dd, J = 5.4, 14.0 Hz, H-YP), 3.40 (3H, s, 
OCH3), 3.99 (lH, d, J = 14.4 Hz, 3’-C-CHza), 4.30-4.32 (lH, 
m, H-4‘), 4.35 (lH, d, J = 14.4 Hz, 3’-C-CHzb), 4.50 (lH, dd, J 
= 6.1, 11.9 Hz, H-5’a), 4.63 (lH, dd, J = 5.1, 11.9 Hz, H-5’b), 
4.79 (lH, br s), 5.11 (lH, dd, J = 1.9, 5.4 Hz, H-1’1, 7.22 (lH, 
s, H-61, 7.35-8.15 (lOH, m, Ar, H-6). 13C NMR (CDC13) 6 
12.30, 42.22, 53.17, 55.45, 62.89, 80.31, 83.75, 104.12, 111.04, 
127.09, 127.21,128.18, 128.40, 128.89, 130.20, 139.81, 142.14, 
145.89, 153.45, 164.13, 166.05. EI-MS: m/z (%) = 466 (M+, 
0.7%). Anal. Calcd for C25HzsNz07-0.5H~O: C, 63.15; H, 5.72; 
N, 5.89. Found: C, 63.22; H, 5.66; N, 5.89. 

Methyl 3-C-(Adenin-9-ylmethyl)-2-deoxy-/3-~-erythro- 
pentofuranoside (25). Compound 23 (110 mg, 0.23 mmol) 
was dissolved in methanol saturated with NH3 (75 mL), and 
stirring at rt under argon was continued for 2 h. The solvent 
was evaporated under reduced pressure, and the residue was 
purified using silica gel column chromatography (0-10% 
MeOH in CHzClZ, v/v) affording 25 as a white solid. Yield 45 
mg (65%). Rf = 0.14 (10% MeOH in CHzClZ, vh). lH NMR 
(CD30D) 6 1.98 (lH, dd, J = 5.7, 13.9 Hz, H-2a), 2.23 (lH, dd, 

5.4, 11.7 Hz, H-5’a), 3.90 (lH, dd, J = 6.0, 11.7 Hz, H-5’b), 

3’-C-CHza), 4.74 (lH, d, J = 14.4 Hz, 3’-C-CHzb), 5.17 (lH, 

(CDC13) 6 1.90 (3H, S, CH3), 2.18 (lH, dd, J = 1.9, 14.0 Hz, 

J = 4.2, 13.9 Hz, H-2b), 3.48 (3H, S, CH3), 3.80 (lH, dd, J = 

4.09(1H,dd, J = 5 . 4 , 6 . 0 H ~ , H - 4 ‘ ) , 4 . 4 6 ( 1 H , d , J =  14.4Hz, 

dd, J =  4.2, 5.7 Hz, H-l’), 8.24 (lH, s), 8.30 (lH, 8). 13C NMR 
(CD30D) 6 44.48, 49.85, 56.04, 62.95, 81.69, 88.88, 106.44, 

119.57, 143.94, 151.19, 153.59, 157.24. HRMS Calcd for Clz- 
H17N504: 295.1281. Found: 295.1296. Anal. Calcd for C12H17- 
N504.0.25 HzO: C, 48.08; H, 5.88; N, 22.68. Found: C, 47.90; 
H, 5.94; N, 22.49. 

Methyl 2-Deoxy-3-C-(thymin-l-yl)methyl)-B-~-erythro- 
pentofuranoside (26). Compound 24 (98 mg, 0.21 mmol) 
was dissolved in methanol saturated with NH3 (65 mL), and 
stirring at rt under argon was continued for 8 h. The solvent 
was evaporated, and the residue was purified using silica gel 
column chromatography (0-10% MeOH in CHzClZ, v/v) af- 
fording 26 as a white solid. Yield 60 mg (94%). Rf = 0.32 
(10% MeOH in CHZC12, v/v). ‘H NMR (DMSO-&) 6 1.74 (3H, 
s, CH3), 1.90-2.07 (2H, m, H-2’a, H-2’b), 3.30 (3H, s, OCH3), 
3.39-3.50 (2H, m, H-Va, H-5’b), 3.55 (lH, d, J = 14.2 Hz, 3’- 
C-CHza), 3.75-3.79 (lH, m, H-4‘), 4.22 (lH, d, J = 14.2 Hz, 
3’-C-CHzb), 4.99 (lH, t, J = 5.4 Hz, H-l’), 7.42 (lH, S, H-6), 
11.17 (lH, S, NH). 13C NMR(DMSO-ds) 6 11.93,42.26, 50.74, 
54.95, 61.49, 80.79, 87.43, 104.82, 107.23, 142.92, 151.33, 
164.19. HRMS Calcd for CIZH&ZO~: 286.1165. Found: 
286.1158. Anal. Calcd for ClzHlsNz06.Hz0: C, 47.65; H, 6.60; 
N, 9.26. Found: C, 47.94; H, 6.30; N, 9.55. 
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