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A)sfrect: 2’-Deoxy-2’-phenylseleaenyl-pyranosyl nucleosides have been synthesised in a 
stereowkctive way startiag fmm glycals using seknhan rcagen& snd cawvted into ~dcoxyauckosides 
by treatment with tributyltin hydride. The stereoselectivity of the reaction has been shown to be 
dependent on the protecting groups. the struchre of the starting glycal. the phenylselenenyl reagent and 
the solvent. Nucleosides of Bgluco Bgolocto and a-arubino configuration are. principally obtained, 

slatting fmm the corresponding benxyl *ted glycals, using PhSeCl s aa activating magent and ether 
as the solvent. 

Nucleoside analogues am among the more active antiviral drugs.1 The increasing importance of viral 
diseases has prompted a growing interest in nucleoside chemistry. In this way. pyranosyl nucleosides have 
been the object of attention as analogues of furanosyl nucleosides of proved antiviral activity.2 as precursors in 
the synthesis of acyclo-nucIeosides3 and in the preparation of oligopyranosyl nucleotides.~ Most of these 
reports deal with the synthesis of 2’-deoxy-8-pyranosyl nucleosides; however, there am no general solutions 
for the stereoselective synthesis of these compounds based on the glycosylation reaction, although the I3 isomer 
is thermodynamically mom stable. 

2’-Deoxynucleosides are usually prepared by deoxygenating the 2’position by way of a Barton type 
reaction starting from appropriate protected nucleosides, *5 however, this method needs long protecting 
sequences to be applied for pyranosyl nucleosides. 3a Good results have been achieved starting from l-a- 
bromo-2-deoxy-3,4,6-tri-(p-nitrobenzoyl~~r~~~x~p~~,~ but SN2 like pathways must be strictly 
guaranteed aud this methodology has hardly been used in pyrimidine like nucleoside synthesis. During the 
seventies, extensive studies were developed oriented towards the synthesis of 2’,3’-dideoxi-2’,3’-eno- 
pyranosyl nucleosides from glycals. some of which had shown antibiotic properties, through a S$’ type 
reaction catalysed by Lewis acids.7 Recently, 2’,3’-dideoxi-2’,3’-eno nucleosides have been obtained from 
2’,3’dideoxi-2’,3’-en0 glycosides by a condensation maction catalysed by Pd(0) catalyst.8 

In the glycoside field good stereosekctivity in the synthesis of 2’deoxyglycosides has been obtained via 
sulphu# seleniumtu and iodinet t-13 mediated glycosylation reactions starting from glycals. In this context, and 
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given the strong stemoselectivity dependence of this reaction from the starting glycal, solvent. nucleophile, etc., 
we decided to undertake a systematic study looking for the best reaction conditions in the stereosekctive 
synthesis of 2’-deoxy-6-pyranosyl nucleosides starting from glycals and using selenium reagents. 

2'-DEOXY-2'.PHENYLSELENENYL-PYRANOSYL NUCLEOSIDES 

Preliminary experiments carried out by the maction of tri-G-acetyl-D-g&al (la) with PhSeCl and bis- 
(trimethylsily&tracil in diffennt solvents (methylene chloride, acetonitrile, ether) and under different reaction 
conditions gave only PhSeCl addition products; PhSeBr aod PhSeI showed simiku results. ‘Ihe mason for the 
different behaviour between alcohols and bis(trimethylsilyl)uracil must be explained by the lower 
nucleophihcity of this last reagent in comparison with the alcoholate. 

Increasing reagent concentrations or employing N-phenylselenenylphthalimide (NPSP), a selenium 
reagent with a less nucleophilic counterion, also gave negative results. The use of silver tritlate as a halogen 
captor, allowed us to obtain 2’-deoxy-2’-phenylselenenyl nucleosidesl4 4a and SP together with the 2’,3’- 
dideoxy-2’,3’-eno derivative 67e (Table 1, Entry I). Compounds 4a and Sa, both with a tratts disposition of 
uracil and the phenylselenenyl group, wem obtained by the attack of the phenylselenenyl reagent on both faces 
of the alkene and subsequent opening of the phenylselenonium cations formed (Scheme 1). Working at room 
temperature (Table 1. Entry 2) or using other solvents (Table 1, Entry 3). neither the yield nor the selectivity 
were improved. The best yields were obtained by increasing the glycal/PhSeCl/AgGTf ratio and avoiding the 
aqueous work-up (Table 1, Entry 4). although the selectivity was always low. 

Compound 6, was probably obtained by a St&’ type reaction7 (Pertier rearrangement) catalysed by the 
TMSGTf formed in the reaction medium. 

Table 1. Reaction of bis-(trimethylsilyl)uracil with 3.4.6~tti-Gacetyl-Dghrcal (la) induced by PhSeCl 
’ and silver triflate. 

Entry Ghtcal PhSeCl AgGIf Umcil(I’MS~ Solvent Temp. Tii Yielda 4a/gaM 

1 1 1.2 1 2 CH2Q2 -2o-4x 3 50 45/45/10 
2 1 1.2 1 2 cH2a2 R 1.2 47 45i4SllO 
3 1 1.2 1.2 2 CW3CN -Xl-@c 22 35 45l45llO 
4 1 1.5 1.7 2 rt 1 go 55/30/15 

The formation of elimination products was prevented by utilising ether type protecting groups. Thus, 
starting 6om hi-Gbenzyl-D-glucal (lb) and carrying out the tea&n in the best conditions as before, (Table 2. 
Entry 1). compounds 4b and Sb were obtained in good yields as an inseparable mixture. 
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OR 

RO &_a 0 
RO 

“9 

R6 

la R=Ac 
lb R=Bn 

t R=Ac 3a R=Ac 
2b R=Bn 3b R=Bn 

4a R=Ac 
4b R=Bn 

k R=Ac 
Sb R=Bn 

70 R=Ac 
7b R=Bn 

8a R=Ac 
8b R=Bn 

%R=AC 1Oa R=Ac 
9b R=Bn lob R=Bn 

Table 2. Reaction of bis-(trimethylsilyl)uracil with 3,4,6-tri-G-benzyl-D-glucal (lb) induced by PhSeCl and 
Ag0Tf.a 

Eney 
M-0 

Gl& PhSeCl Catalyst Uracil(TMSh 

1 1.5 1.7d 2 
1 1.5 1.7d 2 
1 1.5 1.7d 2 
1 1.5 1.7d 2 
1 1.5 i.7e 2 
1 1.5 2.3’ 2 
1 1.5 4.6f 2 

Solvent Temp. 

CH2Cl2 -4ooc--It 
C6H6 fi 

CH3CN ooc-lt 
ether ooc--rt 

CH2Cl2 -WC--rt 
ooc-rt 

benzene lt 

Tune(h) Yield(%)b 4b/!ib(%)c 

3.5 87 5w50 
1 88 8W.20 

15 70 4W60 
0.4 85 82i18 
3.5 50 5Oi50 
24 60 84i16 
12 76 8208 

a 0.25 mmolar solutions of sugar were used. b Expressed as a percentage of tbe nxovexed mixture of diastereumers after 

cbromatograpbic separation. C ~etemined by integration of the ~-1’ protons in the lH NMR of the reaction mixture. dAgOTf. 
=SbClS. fTMSOTf. 

In order to improve the stereoselectivity we undertook a systematic study of the reaction conditions. 
When glucal lb was treated with uracil(TMS)2 and PhSeCl in dichlororr~thane. at room temperamm as well as 
at -6O”C, no variations in stereoselectivity were observed. However, the stereoselectivity was shown to be 
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la-b, 2a-b, 3m-b 

4a-b, 7a-b. 9a-b 

k c, ti R1=H, R’=OAc. R’QCIAC, R’&, R5dJHzOh 
lb. 4, sb R’=H. R’=OBa R’=OBII, ~‘43, R5dXzOBn 
2% ‘Ir, 8a R’=OAC-, R’di, R’=oAc, R4&, RsazOh 
2b. 7b, 8b R’=OB% R2=H, R’=OBn, R’=H, Rs=cH20Bn 
& % 1h R’=H, R’-OAC. R’=H, R’~MC, Rs=H 
3b. 9b, lob Rk, R’=OBn, R’=H, R’zQBn, Rs=H 

Se-b, So-b, lOa-b 

Table 3. Selenium nagent infhmcc in the reaction of his-(trimethylsilyl)urx% with 3,4,&i-Wmzyl-D 
glucal (lb).a 

Entry PhSeX Solvent Time(h) Yield(%) 4b/Sb(%)b 

1 PhSeClC Ether 0.4 85 8Y18 

2 PhSeBIc Ether 0.5 85 w40 
3 PhseId Edrer 1 80 5Ol50 

mhre. C Molar ratio sugar/PhSeX/AgOTf/U~il wss l/1.5/1.7/2. d Molar ratio sugarPhSef/AgOT~racil wss 1/2R/2. 
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Table 4. Stemosclectivity in the synthesis of 2’deoxy-2’-phenylselenenyl-pyranosyl nucIeosides. 

Starting Glycal* Solvent Yield(%)b 2’Phenylselenenyl nucleosi&s (%)’ 

68 
32 

85 4b ow 
IQ 4b W 

82 7b (91) 8b (9) 
31 7b (83) 8b (17) 

clvrMn0 

IS 108 (60) 
65 108 (53) 

71 lob (92) 
42 lob (SO) 

5b (W 
Sb (6’3 

9b (8) 
9b WI 

dependent on the solvent. Thus, the 6 isomer was principally obtained when the reaction was carried out in 
ether or benzene, while the a isomer was the main one obtained in acetonitrile (Table 2, Entries 2.3 and 4). 
other chlorine activators such as SbCls or ThISOTf (Table 2. Entries 5.6 and 7). gave generally lower yields 
and slower reaction rates, but had no influence in the stereoselectivity. 

The observed stereoselectivity must be related to the ratio of I-halo-2-phenylselenenyl-glucopyranosyl 
derivatives present in the solution before the addition of silver trifIate; therefore. the type of phenylselenenyl 
magent should influence, because of steric or stetwelectronic factors, the equilibrium between the 2’-phenyl- 
selenenyl halopyranoses (Scheme 1). A study performed with PhSeCl, PhSeBr and PhSeI showed (Table 3) 
that the phenylselenenyl reagent had no influence on the yield, but it had a drastic influence on the 
steteoselectivity. The best results were obtained when PhSeCl was used. 
Treatment of 3,4,6-tri-G-acetyl-D-galactal @a) with PhSeCl, AgGTf and bis-(trimethylsilyl)uracil in CH2C12 
resulted in to a 1: 1 mixture of 2’-deoxy-2’-phenylselenenyl nucleosides 7a and 8a in 70% yield The reaction 
in ether was much faster than in CH2C12, although a similar mixtum of compounds was also obtained in 80% 
yield. The use of acetonitrile gave preferentially the product with a-mm configuration, resulting from the 
selenium attack above the molecular plane (6 face) (Scheme 1). 1:3 being the 7a/& ratio. In this case the 
product resulting from the Ferrier rearrangement was not observed. Curiously, the selectivity for the t&G- 
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Table 5. Selected JH NMR coupling constants (Hz) of the carbohydrate frame for 2’-Deoxy-2’-phenylsele~ 
nyl-pyranosyl nucleosides 4a-b. Cm-b, 7a-b, 8n-b. 9sb and lOa-b. 

J/Compound 4a 4b !!a 5b 7a 7b 8a 8b 9a 9b 1Oa lob 

11.0 10.7 10.8 10.9 10.7 10.6 10.7 9.0 10.7 1.9 10.7 10.5 
11.0 10.7 3.3 3.3 11.7 11.1 3.0 -- 2.7 3.0 11.6 10.5 
9.1 -- 2.2 1.9 3.2 2.5 3.0 -- 2.8 3.0 3.2 2.8 
9.9 -- 5.1 2.8 <l -- 6.8 -- 1.4 Jo@ 2.5b 2.0~ 

a J4~5=6.1 Hz. h J45*=1.1 Hz. c Jq’,+l Hz 

benzyl-D-galactaJ (Zb) was excellent in ether as well as in acetonitrile, in both cases compound 7b being the 
main one obtained (Table 4). which originated from the selcnonium ion formed by below the plane attack of the 
selenium reagent. 
The reaction of 3,4di-O-acetyl-D-arabmal @a) with PhSeCl. AgOTf and bis-(trimethylsilyl)uracil gave very 
low selectivity in ether as well as in acetonitrile, producing a 1: 1 mixtum of compounds 90 and 1Oa. A small 
amount of product originated by SN~’ reaction was also detected in this case. Similar results were obtained 
when starting from 3,4-di-0-benzyl-D-arabinal(3b) and using acetonittile as the solvent; however, in ether 
Rroduct lob was obtained with a selectivity of 92%. In this case the main product arose from above the plane 
attack of the electrophihc part of PhSeCl to arabinal, that is, opposite to the ring substitucnts. 

Structure assignment 

The structure of the 2’-dcoxy-2’-phenylselenenyl nucleosidcs was established by tH and 13C NMR 
specttoscopy on the basis of the following facts: (1) presence of the uracil in the products, which wasconfinned 
by the double bond signals in the JH NMR spectra (6.70-7.00 ppm, d, H-6; 5.00-5.50 ppm, dd, H-5) and in 
the 1% NMR spectra (-140 ppm, C-6; ~102 ppm, C-5); (2) introduction of the phenylselenenyl group was 
proved by the presence in the t3C Nh4R spectra of a signal at 43-50 ppm. assigned to C-2’. typical of carbon 
bonded to selenium; (3) coupling constants Jt*,f*, J21.3’. J31.4’ and J~J’ arc indicative of configuration of 
positions 1 and 2, and also of the preferred conformation of the sugar ring. Thus, as can be seen in the Table 5, 
a J1*~>9 Hz for all the obtained compounds, except for 9b, indicates a trans-diaxial arrangement for protons 
H-land H-2’ which implies a trans-equatorial disposition for uracil and selenium. The value of JTJ is also 
higher than 9 Hz for compounds 4a-b, 7a-b and lOa-b. confiig a trans-diaxial arrangement for protons 
H-l’, H-2’ and H-3’. These facts, together with the values of the other coupling constants, corroborates a 6- 
&co and O-galacfo configuration with a 4C1 conformation 15 for compounds 4a-b and 7a-b. respectively. Jn 
the case of arabino derivatives lOa-b the small sire of both J41.5’ and J4,5” indicates a 1~4 conformation for 
these compounds. On the other hand, a Jz,y= 3-4 Hz for compounds Sa-b and 80-b corresponds to an axial- 
equatorial coupling; as H-2’ is always axial, H-3’ must he equatorial, which SU~JQWS that a chair inversion has 
taken place and that the conformation 1Cq preponderates in these compounds. This fact is confIrmed by the low 
value of J3’,41 and J4.y. Compound 9a shows Jr.3’ and J3’,41= 2.8 Hz which, since Hz* is axial, indicates that 
Hy is equatorial and consequently m is axial, which confirms a 4C1 conformation for this compound. 
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Compound 9b is the only case where Jlly is small, suggesting that uracil and the PhSe group ate not in a @ans 
diequamrial disposition, as in all the other compounds. A value of J4*,5=10.1 Hz indicates that m and Hy are 
axial, but the other coupling constants are very small, which implies that the other substituents are in axial or 
pseudo-axial disposition. It must correspond with a twist-boat conformation probably trying to avoid the steric 
interactions among tbe bulky substituans at C-2, C-3 and C-4. 

The next NMR spectroscopic data confii the structure of compound 6: (1) the absence of aromatic 
protons and the signal between 40 and 50 ppm in the 1% NMR spectrum, showing that no PhSe group exists, 
(2) the presence of only two acetate group signals and (3) the signals at 6.55 ppm and 6.18 ppm in the lH 
NMR spectrum and at 132.8 ppm and 127.2 ppm in the l3C NMR spectrum, characteristic of a double bond 
These values are in good agreement with those for other similar compounds described in the hteramre.7es 

DISCUSSION 
It is well known that NIS,tl-13 PhSCl9 and PhSeCl*o mediated 0-glycosylation reaction gives 

exclusively alky12deoxy-2-X-nucleosides (X= I. SPh or SePh) having X and alkoxy group rrutrs disposed. 
The nsults are explained in terms of a two step mechanism (Scheme 1). consisting of electrophilic addition of 
NIS, PhSCl or PhSeCl to the glycal double bond to give a cyclic cation, followed by a regioselective 
nucleophilic attack by an alcohol at C- 1. 

In our case the selenium-mediated synthesis of nucleosides from glycals does not take place at room 
temperature because the bis-(trimethylsily1)uracil is not nucleophilic enough, therefore the presence of a 
chlorine activator is neoessary to obtain the cortesponding nucleosides. 

It has been recently show& that the stereochemistty of NE-alcohol addition to glycals is determined at 
the electrophilic step (iodine addition) or at the nuclephilic step (alcohol attack) depending on the solvent. In 
general in ether type solvents an isomerization between iodonium cations takes place, while in acetonitrile the 
iodonium cation formation is irreversible, the stereoisomer distribution reflecting in this last case the ratio of 
iodonium cations. 

On the other hand, in the selenium mediated synthesis of 0-glycosides from glycals an isomerization 
process between selenonium cations has been proposed to explain the distribution products obtained.l~ 

The results collected in Table 4 show that the stereochemistry is dependent on the solvent and on the 
glycal structure, but also on the protecting groups. 

The solvent has an influence not only on the selectivity but also on the reaction rate, being faster in ether 
than in ace&&rile. Concerning the stereoselectivity, compounds arising from the less hindered selenonium 
intermediate, [A] for glucal and galactal derivatives and [B] for arabii derivatives (Scheme 1). were favoured 
when ether was the solvent, while in acetonitrile the percentage of products derived from the intermediate [B] 
incmased. This fact agrees with the Horton12 proposal, that an isomerization process between intermediates [A] 
and [B] takes place, being faster in ether than in acetonitrile, and also with the observations of Beauty that 
phenylselenonium cations isomerize easily, expecially in the presence of Lewis acids. In this way, it must be 
taken into consideration that TMSOTf is probably generated in the reaction medium in the PhSeCl-mediated 
synthesis of nucleosides from glycals. The different steteoselectivities observed for different selenium reagents 
(Table 3) confii the existence of an isomerization process between the selenonium cation and the I -halo-Z 
phenylselenenylpyranose and also between selenonium cations [A] and [B] (Scheme 1). 

Protecting groups and glycal structure play a determining role in the control of stereoselectivity. The 
preferred conformation for D-glucal and especially for D-galactal and D-arabinal derivative& is 4H5 (Table 4). 
and although differences in stereoselectivity are observed when statiing from dierent glycals, the preferred 
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side of attack to the double bond of the glycal in the more stabk conformation, or the existence of an 
isomerization process can not exclusively explain these differences. In Table 4 it can be seen that 
stereoselectivity is strongly dependent on the type of protecting group. Thus, for the acetylatad glycal2n a 
relatively higher percentage of a-&lo derivative is obtained, indicating that the mom hi&red seknonium 
cation is principally formed. It appears that el~static effects might be responsible for the steteochemisny of 
the fit step.t7 This effect is less important in the glycals la and 3a, given that the dipole moment of ring 
oxygen and the C-4 acetoxy group ate opposite, and so the net dipole moment should be smaller, which would 
explain the lower stemosekctivity obtained in these cases. 

Gn the contrary, the results from benzylated glycals lb, 2b and 3b clearly show that stuic factors exW 
the major influence in these cases, given that phenylselenenyl nuckosides originated by the opening of the kss 
hindered selenonium cation ([A] for glucal and galactal derivatives and [B] for arabinal derivatives) am 
principally obtained. In these cases the stereoselectivity is better in ether than in acetonitrik. as this m 
to a faster eqtilibrium process in which the mom stable cyclic cation WrmedW is the major one. 

In summary, the face selectivity in the reaction of glycals with his-(trimethylsilyl)uracil induced by 
PhSeCl is determined by the protecting groups present in the glycal, the stereochemistry of glycal substituents, 
the solvent and also by the activating reagent. The reaction takes place in two steps, and the stereoselectivity 
depends on the preferred formation of the cyclic phenylseknonium cation intermedkte by the more or less 
hindered face. Glycal structure and protecting groups determine which selenonium cation is preferentially 
formed. The more hindered intermediate [B] (Scheme 1) principally results from acetykted glycals and 
especially when the acetoxy group at position 4 is axial, and the less hi&red internMiate [A] is pmfemntiahy 
formed starting from benzyl protected glycals and using PhSeCl and ether. The solvent, in addition to the 
different stabilisations of conformers, influences the stereoselectivity by increasing the isomerization of 
selenonium cations, leading to a thermodynamically mere stabk sekuonium cation. 

2'.DEOXYPYRANOSYL NUCLEOSIDES 

As can be seen in Table 4, benzyl glycals gave better stereosekctivities in B-&co, l3-gulacto and a- 
arubino 2’-deoxy-2’-phenylselenenyl-pyrsuosyl nucleosides. Compounds 7b and lob, which were obtained 
with the higher stereoselectivity, and their corresponding acetyl derivatives 7a and lOa were treated with 
tributyltin hydride and AIBN in benzene and heated to reflux to give the 2’-deoxy-pyranosyl nuckosides l3B 
14b and 13s14a respectively, in yields above 80%. 

BnO RO 
R 

lla R=Ac 12 l%R=Ac lCR=Ac 
llbR=Bn 

l3b RnBn 14b R&n 

As has been described before, tri-0-bcnzyl derivatives 4b and Sb were obtained as an inseparable 
mixture. When, a 4:l mixtum of these compounds was treated with tributyltin hydride 2deoxy-pyranosyl 



Synthesis of 2’-deoxy-pyrsnosyl nucleosides 12227 

Table 6. Selected tH NMR chemical shifts for compounds lla-b, l2,13a-b and 14a-b. 

Comp./J H6 H5 H 1’ Hz’s H2e H3’ H4* H5’ H6’ H6” 

lla 7.30 5.76 5.85 1.80 2.40 5.14 4.98 3.80 4.23 4.04 
llb 7.4-7.1 5.76 5.69 1.65 2.45 3.84 ---------3.42 

12 7.5-7.2 5.70 6.07 2.19-2.01 3.8 3.53 4.30 3.9-3.8 3.70 
13a 7.43 5.83 5.86 2.15-2.10 5.17 5.36 4.81-4.01 -- 
13b 7.43 5.66 5.64 2.10-2.00 3.64 3.82 3.64 
14a 7.42 5.80 6.14 2.30-2.00 5.47 5.24 4.39 4.65 4.29 
14b 7.51 5.78 5.61 2.24-2.03 3.71 3.71 4.20 3.48 

Table 7. tH NMR coupling constants for compounds lla-b, 12.130-b and Ma-b. 

lla 8.1 11.1 2.0 12.3 11.1 5.1 10.9 9.7 5.1 2.0 12.5 
lib 8.3 11.1 2.2 11.1 11.1 4.9 __ __ -- -- -- 

12 8.0 10.1 3.6 -- -- -- 3.0 3.0 -- 5.5 10.1 

13a 8.2 13.0 3.3 -- 11.5 5.6 3.0 - -- -- -- 
13b 8.1 8.0 5.0 __ _ __ __ _ -- -- -- 
14a 8.2 9.1 3.7 -- 3.3 3.3 3.3 5.6 8.8 2.9 12.1 
14b 8.2 10.9 2.7 -- - -- -- 1.7 12.80 

nucleosides llb and 12 were also obtained in the same ratio as an inseparable mixture. A small traction of this 
mixtum was purified by HPLC for identification purposes. In the same way lla was obtained from 40. 

The replacement of the PhSe group by a ptoton does not alter the conformation, conserving, in the 
obtained 2’-deoxynucleosides, the same 4C1 or 1~ conformation that they had in the starting 2’deoxy-2’- 
phenylselenenyl nucleoside.3~7~tg.*9 The value of the coupling constants, Jr- > 9Hx and Jt*z > 4Hx (Table 
7). confirms the equatorial disposition for the umcil in all the zldeoxypymnosyl nucleosi&s synmesised 

In conclusion, 2’&oxy-2’-phenylselenenyl pyranosyl nucleosides have been stereoselectively obtained 
from glycals and converted into the corresponding 2’deoxypyrauosyl nucleosides in good yields. 
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EXPERIMENTAL SECTION 

General Procedures: Melting points were measured in a Biichi 510 apparatus and appear uncorrected 
Optical rotations were measured at mom temperature in 10 cm cells in a Perkin-Elmer 241 polatimeter. JH 
NMR and DC NMB spectra were recorded in a Varian Gemini 300 MHz (300 and 75.4 MHz resp.) apparatus, 
with CDC13 as solvent and using MetSi (&=O)and the central solvent peak at a 77.0 ppm respectively as internal 
reference. Elemental analyses were determined using a Carlo-Erba Microanalysis. Flash column 
chromatography was performed with silica gel 60 A CC (230-400 mesh). TLC plates were prepared by using 
Kieselgel60 PF254 (E. Merk). HPLC was performed with a C-18 silicagel column (25mm x 10 cm) using 
acetonitrile&ater 60:40 as eluent. Solvents for chromatography were distilled at atmospheric pressure prior to 
use. Dichlorometbane was distilled Born 905. Benzene was dried by distilhnion from Na ribbon and strored 
over 4A molecular sieves and under argon. Dry ether was obtained by distillation, under nitrogen, from sodium 
benzophenone ketyl. Other solvents were purified and dried by using standard procedures. All the reactions 
were carried out under an argon atmosphere using standard syringe techniques. 

General Procedure for the synthesis of 2’-phenylselenenyl-pyranosyl nucleosides from 
glycals. To a solution of glycal(O.25 mmol) in 1 ml of dry solvent, keeped under argon and light protected, 
0.37 mm01 of the phenylselenenyl reagent was added at room temperature, after 5 minutes 0.5 mm01 of bis- 
(trimethylsilyl) uracil and finally 0.42 mm01 of the catalyst were also added to the reaction flask. After the 
reaction was finished (about 0.5-24 h) ethyl acetate (25 mL) were added and the reaction mixture was filtered 
off through a silicagel-Celite pad (the Celite pad was washed with 2x10 mL of ethyl acetate). Evaporation of the 
solvent gave the crude product mixtum which was subjected to TLC or flash chromatography. 

1-(2’-Deoxy-2’-pbenylselenenyl-3’,4’,6’-tri-O-acetyl-6-D-gluco-pyranosyl)-uracil (4a) and 
1-(2’-deoxy-2’-phenyIselenenyl-3’,4’,6’-tri-O-acetyl-a-D-mu~~~-pyranosyl)-uracil (5a). 
The general procedure was applied starting from 3.4.~ui-0-acetyl-D-glucal, phenylselenenyl chloride, silver 
&if& and bis-(trimethylsilyl)uracil in ether. The reaction was stopped after 0.5 hours. Flash chromatography 
(ethyl acetate-hexane 32) of the reaction crude gave 59 mg (44%) of 4a and 44 mg of a mixture of !!a/6 (2: 1). 
A small sample of this mixture was purified by HPLC for characterisation purposes. 
(4a). Mp= 98-99T, [Or]D20+69.20 (c 0.5, CHC13). ‘Ii NMR: S 9.45 (s, lH, NH); ?.50-7.10 Iph); 6.88 
(d,lH. Jna,n_s=8.2 Hz, H-6); 5.94 (d, IH, JH_I.,H_2’=lI.0 Hz, H-l’); 5.39 (dd, 1H. Ju_s,Ru=1.8 Hz, H-5); 
5.25 (dd, lH, JH_3’,H-4’=9.1 Hz, JHJ’,u_z=l 1.0 Hz, H-3’); 5.05 (dd, lH, Ju-4’,H_5’=9.9 Hz, H-4’); 4.22 (dd, lH, 
Jus,n_a-=12.6 Hz, Ju-6’,H_S’=4.8 Hz, H-6’); 4.02 (dd, lH, JHB-u_r=2.0 Hz, H-6”); 3.85 (ddd, lH, H-5’); 3.28 
(t, lH, H-2’); 2.07 (Me); 2.01 (Me); 2.01 (Me). r3C NMR: 6 170.8 (CH&O); 170.1 (CH&O); 170.0 
(CH3CO); 162.8 (C-4); 150.4 (C-2); 138.0-129.1 (Ph); 136.6 (C-6); 103.1 (C-5); 82.5 (C-17; 74.4 (‘2-4’); 
72.4 (C-3’); 68.8 (C-S); 61.7 (C-6’); 48.3 (C-2’); 20.5 (2xMe); 20.4 (Me). IR: 1748, 1737, 1735 cm-l 
(4~0); 1691.1687 cm-t (&o); 1632 cm-t (&&. Anal. Calcd for C22H24N@gSe: C, 49.01; H, 4.45; N, 
5.19. Found: C, 48.62; H. 4.52; N, 5.10. 
(5a). Mp = 74 - 76’C. [a]Dzo -41.7O (c 0.2. CHCl3). rH NMR: S 8.47 (s. lH, NH); 7.45-7.10 (Ph); 6.93 
(d,lH. JH-6,H_5=8.2 Hz, H-6); 6.06 (d, lH, Ju_,‘,H_2’=10.8 Hz, H-l’); 5.49 (dd, lH, Ju_3’JI_4=2.2 Hz, JH_?I’,H_ 
z=3.3 Hz, H-3’); 5.35 (dd, iH, Jn_s,uu=2.2 Hz, H-5); 4.81 (dd, IH. JH_4~.H_5’=5.1 Hz. H-4’); 4.52 (dd. 1H. 
Ju.,r,u<=ll.8 HZ, Ju_6’,u_s=7.9 HZ, H-6’); 4.29 (m, lH, H-5’); 4.18 (dd, lH, Jnd”,u_r=5.0 HZ, H-6”); 3.87 
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(dd, lH, H-2’); 2.14 (Me); 2.10 (Me); 2.00 (Me). W NMR: S 170.6 (CH&O); 169.0 (CH&O); 168.9 
(CH&O); 162.4 (C-4); 150.0 (C-2); 140.2 (C-6); 138.0-128.9 (Ph); 102.4 (C-5); 80.1 (C-l’); 75.3 (C-4’); 
71.6 (C-3’); 67.0 (C-5’); 60.2 (C-6’); 43.2 (C-2’); 20.9 (Me); 20.6 (2xMe). IR: 1744, 1717 cm-l (4~0); 
1695,1685 cm-t (4~0. anillo); 1620 cm-t (~~=c~). Anal. Calcd for &HaN&Be: C, 49.01; H, 4.45; N, 
5.19. Found: C, 48.75; H, 4.56; N, 5.05. 
(6). Mp = 184 - 185T. [&,21 +46.5’ (c 1. CHC13). ‘R NMR: 6 8.85 (s. lH, NH); 7.20 (d. lH, Jn-6.H_s= 
8.1 Hz. H-6); 6.55 (dd, lH, JH_,‘,H_2’= 2.0 Hz, JH_,.,n_s= 3.9 Hz, H-l’); 6.18 (dt, lH, Jn_2’,H_3’= 10.3 Hz, 
Jn_r,n-4’= 2.0 Hz, H-2’); 5.80-5.75 (m. 2H. H-5, H-3’); 5.38 (dt, 1H. Jn-Ia,n_y= Jnx,n_y= 2.0 Hz, Jnq,ny= 
9.1 Hz, H-4’); 4.25-4.17 (m, 2H, H-6, H-6”); 4.03 (m, 1H. H-S); 2.12 (Me); 2.09 (Me). UC NMR: 6 
170.9 (CH3cO); 170.2 (U-L&O); 162.5 (C-4); 150.1 (C-2); 140.0 (C-6); 132.8 (C-2’); 127.2 (C-31; 103.5 
(C-5); 78.6 (C-l’); 75.1 (C-4’); 64.0 (C-5’); 62.6 (C-6’); 20.9 (Me); 20.8 (Me). Anal. Calcd for 
C14Ht@J207: C, 51.88; H, 4.93; N, 8.64. Found: C, 51.52; H, 4.83; N, 8.40. 

1-(2’-Deoxy-2’-pbenyIselenenyl-3’,4’,6’-tri-O-benzyl-6-D-gZuco-pyran~yl)-uracil (4b) and 
l-(2’-deoxy-2’-pbenylselenenyl-3’,4’,6’-tri-O-benzyl-a-D-~a~no-pyran~yl)-uracil (5b). 
Glycosylation was carried out in ether starting from 3.4,~tri-G-benxyl-D-glucal and phenylselenenyl chloride, 
bis-(trimethylsilyl)uracil and silver triflate in ether. The reaction was stopped after 0.5 hours. Flash 
chromatography (ethyl acetate-hexane 23) did not allow the separation of the phenylselenenyl nucleosides, 
obtaining 144 mg (85%) of a 4: 1 mixture of compound 4b and 5b. A small sample of this mixture was purified 
by HPLC for identification purposes. 
(4b). ‘H NMR: 6 8.40 (s, lH, NH); 7.50-7.10 (Ph); 6.79 (d. lH, J n_s,H_s=7.9 Hx, H-6); 5.88 (d, lH, JH_r,n_ 
z=10.7 Hz, H-l’); 5.23 (dd, lH, JHJ,NH=2.2 Hz., H-5); 4.91 (d. lH, J,,,=lO.l Hz, C&Ph); 4.83 (d. lH, 
Js,=lO.l Hz, C&Ph); 4.78 (d, lH, Js,=12.8 Hz, C&Ph); 4.55 (d, 1H. J,,=12.8 Hz, C&Ph); 4.46 (d, 
lH, Js,,=12.1 Hz, C&Ph); 4.39 (d, lH, Js,,- -12.1 Hz, C&Ph); 3.74-3.50 (m, 5H, H-3’. H-4’. H-S, H- 
6’. H-6”); 3.23 (t, 1H. JH_2’,H_3’=10.7 Hz, H-2’). “c NMR: 6 162.0 (C-4); 150.0 (C-2); 138.9 (C-6); 139.3- 
128.1 (Ph); 102.5 (C-5); 82.6 (C-l’); 82.9 (C-4’); 79.0 (C-3’); 77.8 a2Ph); 77.8 a2Ph); 75.6 cH2Ph); 
73.5 (C-5’); 68.3 (C-6’); 51.4 (C-2’). IR: 1716.16% cm-t (dm); 1635 cm-1 (&R&H). 
(5b). QI NMR: 6 7.80 (s. lH, NH); 7.40-7.10 (Ph); 6.77 (d, lH, J ndBd=8.2 Hz, H-6); 6.19 (d, 1H. Jn.,~a_ 
r=10.9 Hx, H-l’); 5.04 (dd, lH, Jn_s,~n=2.1 Hz, H-5); 4.60-4.25 (m. 7H, fxC!&Ph, H-S); 4.16 (dd. lH, 
JH_3’,H_2’=3.3 Hz, JH_3’,H_,~=1.9 Hz, H-3); 3.78 (dd, lH, J n~:n-6-=10.1 Hz, Jne,n_Y=7.1 Hz, H-6); 3.69 (dd, 
lH, H-2’); 3.59 (dd. lH, JH-4’,H_S’=2.8 Hz, H-4’); 3.64 (dd. 1H. Jn-6”,H_sC6.8. H-6”). RMN DC! NMR: 8 

162.0 (C-4); 150.0 (C-2); 139.5 (C-6); 138.0-127.7 (Ph); 101.8 (C-5); 78.7 (C-4’); 77.3 (C-l’); 76.2 (C-3’); 
73.4 .:HzPh); 73.1 cH2Ph); 71.1 cH2Ph); 71.1 (C-5’); 67.3 (C-6’); 46.6 (C-2’). IR: 1712, 1698 cm-1 
(+o); 1632 cm-l (+HzCH). 

l-(2’-Deoxy-2’-pbenylselenenyl-3’,4’,6’-tri-O-acetyl-~-D-guZucto-pyranosyl)-uracil (7a) and 
1-(2’-deoxy-2’-pbenylselenenyl-3’,4’,6’-tri-O-acetyl-a-D-tu~o-pyranosyl)-uracil @a). 

Following the general procedure the glycosylation was performed starting from 3.4.6~tri-G-acetyl-D-gala& 
and using phenylselenenyl chloride, bis-(himethylsilyl)uracil and silver triflate in ether as the solvent for 4 
hours. Thin layer chromatography (ethyl acetate-hexane (1:3) of the reaction crude gave 54 mg of 7a snd 54 
mg of &, total yield 80% (7a/8a = 50:50). 
(7a). Mp = 104-106*C, [a]#I +37.5’ (c 0.3, CHC13). 1~ NMR: 6 8.95 (s, lH, NH); 7.60-7.20 (Ph); 7.10 
(d, lH, Jn.a.n.s=8.3 Hz, H-6); 5.96 (d, lH, JH_,‘,H_2’=10.7 Hz, H-l?; 5.61 (dd, lH, JH_sVNH=2.0 Hz, H-5); 
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5.37 (d, lH, Jn_s~~i-~=3.2 Hz, H-4’); 4.91 (dd, IH, Jn_~~1_2=11.7 Hz, H-3’); 4.24-3.% (m. 3H, H-S, H-6’, 
H-6”); 3.40 (dd, lH, H-2’); 2.19 (Me); 2.08 (Me); 2.03 (Me). 13C NMR: 6 162.6 (3xCHs~O); 162.4 (C-4); 
150.2 (C-2); 138.6 (C-6); 138.0-129.7 (Ph); 103.3 (C-S); 82.5 (C-l’); 73.3 (C-4’); 70.3 (C-3’); 66.5 (C-S); 
61.4 (C-6’); 43.6 (C-2’); 20.5 (3xMe). IR: 1748, 1735 cm-t (4~0); 1697, 1690 cm-t (&); 1630 cm-l 
(&.J&J-J). Anal. Calcd for CzH2&OgSe: C, 49.01; H, 4.45; N: 5.19. Found: C, 48.90, H, 4.57; N, 5.02. 
@a). Mp= 114-l 16 ‘C, [o]D” -19.0’ (c 0.6. CHC13). lH NMB: 6 8.53 (5, lH, NH); 7.50-7.20 (ph); 7.03 
(d, lH, Jnd,n_s=8.2 Hz, H-6); 6.16 (d. 1H. JH_,‘,H_2’=10.7 Hz, H-l’); 5.93 (t, 1H. JH_s~,H_z=JH_YB-r=3.0 Hz, 
H-3’); 5.44 (dd, lH, Jn_~,un=l.7 Hz, H-5); 5.31 (dd, lH, Jn+n_s’=6.8 Hz, H-4’); 4.91 (dd, lH, JH_U,H. 
,r=12.8 HZ, Jn~u_r=lO.O HZ, H-6’); 4.45-4.36 (m, lH, H-5’); 4.25 (dd, lH, Jnd-u_r=2.2 Hz, H-6”); 3.84 
(dd, lH, H-2’); 2.23 (Me); 2.08 (Me); 2.06 (Me). ‘sc NMR: g 172.0 (CH3cO); 162.6 (C-4); 160.6 
(2xCHGO); 150.0 (C-2); 140.5 (C-6); 135.5-127.0 (Ph); 102.6 (C-5); 79.3 (C-l’); 74.0 (C-4’); 70.2 (C-3’); 
67.1 (C-5’); 59.3 (C-6’); 45.3 (C-2’); 20.6 (Me); 20.6 (Me); 20.4 (Me). Anal. Calcd for C22HzsN2O#e: C, 
49.01; H, 4.45; N. 5.19. Found: C, 48.61; H. 4.54, N. 4.99. 

1-(2’-Deoxy-2’-pbenylselenenyl-3’,4’,6’-tri-O-benzyl-6-D-gu~uc~~-pyranosyl)-uracil (7b) 
and l-(2’-deoxy-2’-pbenylselenenyl-3’,4’.6’-tri-O-benzyl-a-D-lolo-pyran~yl)-uracil (8b). 

The general procedure was applied to 3.4.6~tri-O-benzyl-D-gala&l and phenylselenenyl chloride, bis- 
(trimethylsilyl)uraci and silver trifla@ in ether as the solvent The reaction was stopped after 1 hour. Thin layer 
chromatography (ethyl acetate-hexane 1:l) of the reaction crude gave 128 mg of 7b and 13 mg of 8b, total 
yield 82% (7b/8b = 91:9). 
Clb). M.p. 132-134 “C; [Cf]# +74.3” (c 0.45. CHC13). ‘H NM& 8 8.27 (s, lH, NH); 7.60-7.15 (m, 20 H. 
Ph); 7.00 (d, lH, Jnd,n_r= 8.2 HZ, H-6); 5.87 (d, 1H. Jn_tpu_r= 10.6 HZ, H-l’); 5.39 (dd, lH, Jn_s,nn= 1.9 
Hz. H-5); 4.90 (d, 1H. Js.,= 11.3 Hz, C&Ph); 4.75 (d, lH, Js,,= 11.3 Hz, Cm); 4.59 (d, lH, Jscm= 
11.3 Hz, CI-Izph); 4.57 (d, lH, Jsem= 11.3 Hz, Cmh); 4.46 (d, lH, Js-= 11.8 Hz, mh); 4.41 (d, lH, 
J ssm= 11.8 HZ, C&Ph); 4.00 (m lH, H-4’); 3.70 (dd, lH, Ju_z,n_)‘= 11.1 Hz, H-2’); 3.68 (m, lH, H-5’); 
3.56 (dd, lH, Jnd*,nd-= 9.0 HZ, Jna,u_~‘= 7.3 HZ, H-6’); 3.50 (dd, lH, Jnd-,n_s= 5.7 HZ, H-6”); 3.44 (dd, 1 
H. Jn_so,na= 2.5 HZ. H-3’). W NMR: 6 162.39 (C-4); 150.00 (C-2); 139.48 (C-6); 135.24-127.36 (Ph); 
102.62 (C-5); 83.19 (C-l’); 79.89 (C-4’); 75.66 (C-33; 74.84 cH2Ph); 73.52 CHzPh); 72.37 CHaPh); 
72.07 (C-5’). 67.94 (C-6’); 47.27 (C-2’). Anal. Calcd. for C37H3eN206Se: C, 65.03; H, 5.26; N, 4.09. 
Found: C. 64.64; H. 5.35; N, 4.22. 
(8b). ‘H NMR: 6 8.03 (s, lH, NH); 7.50-7.20 (m, 21 H. Ph, H-6); 5.73 (dd, lH, Jn_s,t.rd= 8.0 Hz, Jn_s,~u= 
1.7 Hz, H-5); 5.68 (d, lH, JarB_z= 9.0 Hz, H-l’); 4.94 (d, lH, Jlcm= 11.4 Hz, C&Ph); 4.60 (d, lH, Jsem= 
11.4 Hz, C&Ph); 4.60 (s, 2H, C&Ph); 4.50 (d, lH, JIrm= 11.9 Hz, eh); 4.44 (d, lH, Jlcm= 11.9 Hz, 
C&zPh); 3.89 (m, lH, H-3’); 3.74-3.60 (m, 3H, H-4’, H-5’. H-2’); 3.59-3.55 (m, 2H. H-6’. H-6”). 13C 
NMR: 6 140.10 (C-6); 128.56-127.34 (Ph); 102.76 (C-5); 19.90 (C-l’); 77.21 (C-4’); 76.20 (C-3’); 74.54 
cH2Ph); 73.56 cH2Ph); 71.61 CHzPh); 70.58 (C-5’); 68.65 (C-6’); 41.00 (C-2’). 

l-(2’-Deoxy-2’-phenyIselenenyl-3’,4’-di-O-acetyl-6-D-ri~~-pyran~yl)-uracil (9a) and l- 
(2’-deoxy-2’-phenylselenenyl-3’,4’-di-O-acetyl-a-D-uru~i~o-pyranosyl)-uracil (lOa). 
Glycosylation was carried out starting from 3,4di-O-acetyl-D-arabinal in ether and using phenylselenenyl 

chloride. bis-(trimethylsilyl)uracil and silver triflate. After 2 hours the reaction was stopped, Purification of the 
reaction crude by thin layer chromatography, successive elution with methylene chloride/hexan&nethaol 
l&6:0.2, gave 35 mg of 9a and 52 mg of 1Oa as an oil , total yield 75% @/lOa = 40~60). 
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(9a). [a]D” +X7” (c 0.4, CHC13) . *II NMk 6 8.22 (s, lH, NH); 7.40-7.10 (Ph); 6.76 (d, lH, Ju+,n. 
s-8.2 Hz, H-6); 6.03 (d, lH, JH_1’,H_2’=10.7 Hz, H-l’); 5.89 (dd, lH, Jn_~~_s+=2.7 Hz, J&):&@-2.8 Hz, H- 
3’); 5.26 (dd, 1H. Ju_s~u=2.4 Hz, H-5); 5.01-4.95 (m. 2H, H-4, H-5’); 3.86 (dd, lH, JHJ*~JIJ=~.~ Hz, Jn_ 
p,nq=l.4 Hz, H-5”); 3.37 (dd, lH, H-2’); 2.15 (Me); 1.95 (Me). lfc NM& I 169.7 (2xCH&O); 161.7 (C- 
4); 150.0 (C-2); 139.0 (C-6); 135.4-126.6 (Ph); 102.7 (C-5); 81.9 (C-l’); 70.4 (C4’); 66.8 (C-3’); 63.8 (C- 
5’); 46.7 (C-2’); 20.6 (2zMe). Anal. Calcd. for ClgH2oN207Se: C. 48.82; H, 4.28; N, 5.99. Found: C, 
48.25; H. 4.32; N, 5.81. 
(lOa). [a]Dzo -25.0’ (C 0.52. CHCl3). 91 NMB: 8 8.40 (s, 1H. NH); 7.50-7.10 (Ph); 7.01 (d, lH, Ju+u_ 
s=8.3 Hz, H-6); 5.74 (d, lH, Ju.t..~=10.7 Hz, H-l’); 5.49 (dd, lH, Jn_s~n=2.4 Hz, H-5); 5.21-5.18 (m. 
lH, H-4’); 4.86 (dd, lH, Ju_3’,u_z=11.6 HZ, Ju_y~14=3.2 Hz, H-3’); 3.98 (dd, lH, Jn_y,u_s-‘13.4 Hz, Jn_~,u. 
4~2.5 Hz, H-5’); 3.69 (dd, lH, Ju_s-.ud~l.l HZ, H-5”); 3.43 (dd, lH, H-2’); 2.10 (Me); 2.03 (Me). UC 
NMR: 6 169.9 (CH3cO); 169.0 (CHGO); 162.0 (C-4); 150.0 (C-2); 139.0 (C-6); 136.2-129.2 (Ph); 103.0 
(C-5); 83.4 (C-l’); 70.1 (C-4’); 67.5 (C-3’); 67.0 (C-5’); 44.3 (C-2’); 21.0 (Me); 20.7 (Me). Anal. Calcd for 
CtgH2&07Se: C, 48.82; H, 4.28; N, 5.99. Found: C. 48.37; H. 4.36; N, 5.85. 

l-(2’-Deoxy-2’-pbenyIselenenyl-3’,4’-di-O-benzyl-6-D-r~~~-pyran~yl)-uracil (9b) and l- 
(2’-deoxy-2’-phenylselenenyl-3’,4’-di-O-benzyl-a-D-~~a~fno-pyran~yl)-uracil (lob). 

Following the general procedure the glycosylation was carried out starting from 3,4di-O-benzyl-D-ambinal in 
ether and using phenylselenenyl chloride, bis-(&hnethylsilyl)uracil and silver hiflate. After 1 hours the standard 
work-up and purification by thin layer chromatography (ethyl acetatehezane 1:l) of the reaction crude gave 92 
mg of lob and 8 mg of 9b; total yield 71% (9b/lOb = 8:92). 
(lob). M.p. 69-70 ‘C. [o]D” -74.0“ (c 0.5, CHC13). ‘Ii NMR: i 9.04 (s, lH, NH); 7.40-7.15 (m, 10 H, 
Ph); 7.08 (d, lH, Jn4,t.r~ = 8.1 HZ, H-6); 5.82 (d. lH, Jn_r’a_z = 10.5 Hz, H-l’); 5.43 (dd. lH, Ju_sm = 2.1 
Hz, H-5); 4.74 (d, lH, Jsem= 12.2 Hz, CJ&Ph); 4.65 (d, lH, Jse,,,= 12.2 Hz, Cm); 4.62 (d, lH, Js,,= 
11.5 Hz, CflzPh); 4.51 (d, lH, J,= 11.5 Hz, C&Ph); 4.12 (dd. 1H. Ju~‘,u_s- = 13.0 HZ, JHJ’JI~ = 2.0 HZ. 
H-S’), 3.75 (t. lH, Jn_z~_)’ = 10.5 HZ, H-2’); 3.74 (m, lH, H-4’); 3.43 (d, lH, H-5”). 3.41 (dd, lH, Jn_3:nd 
= 2.8 Hz, H-3). 13C NMR: 6 163.09 (C-4); 150.81 (C-2); 139.77 (C-6); 135.25-127.08 (Ph); 103.16 (C-5); 
83.97 (C-l’); 78.64 (C-4’); 72.11 cH2Ph); 71.86 (Q&Ph); 71.38 (C-3’); 66.36 (C-S), 47.29 (C-2’). Anal. 
Calcd for QgH2aN205Se: C, 61.84; H, 4.97; N, 4.97. Found: C, 61.45; H. 5.10; N. 4.95. 
(9b). ‘H NMR: 6 7.80 (S, lH, NH); 7.36 (d, lH, Jn+n_s = 8.2 Hz, H-6); 7.40-7.10 (m 10 H, Ph); 5.97 (d, 
lH, Ju_t~,n_~ = 1.9 Hz, H-l’); 5.97 (dd, lH, Jn_s,nn = 1.9 Hz, H-5); 4.80 (d, lH, Js.,= 12.1 HZ, C&Ph); 
4.72 (d, lH, Jse,,,= 12.1 Hz, CIIzph); 4.59 (d. 1H. Jsem= 12.0 Hz, Cwh); 4.51 (d, lH, Jscm= 12.0 Hz, 
CfIZPh); 4.32 (t. 1H. Ju_y,n_~ = Jn_s*,n_z = 3.0 HZ, H-3’); 4.04 (m, 3H. H-2’. H-S, H-5”); 3.75 (ddd. lH, 
Jn_~‘,u_r = 10.1 HZ, Ju_e,u_s- = 6.1 HZ. H-4’). UC NMR: 6 140.86 (C-6); 133.03-127.79 (Ph); 100.43 (C-5); 
80.71 (C-l’); 77.68 (C-4’); 72.05 cH2Ph); 71.72 cH2Ph); 71.38 (C-3’); 65.88 (C-5’). 48.83 (C-2’). 

General procedure for reduction of the 2’-phenylselenenyl-pyranosyl nucleosides with 
tributyltin hydride. To a solution of 0.15 mm01 of 2’-phenylselenenyl nucleoside in 2 mL of anhydrous 
benzene, 0.33 mmol(1 mL) of tri-butyltin hydride and 3 mg of 2.2’azoisobutymnitrile (AIBN) were added at 
room temperature. Then the reaction was heated to mflux. When the starting material had disappeared (0.5-2 
hours), the reaction mixture was cooled and evaporated dry. The resulting reaction crude was purified by flash 
chromatography. 
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l-(2’-Dcoxy-3’,4’,6’-tri-O-acetyl-B-D-arobiro-hexo-pyra~osyi)uracil (lla). The reaction of 
compound 4a with hibutyltin hydride was carried out following the general procedure. The rcpction crude 
resuking was purified by flash chromatography (ethyl acetate-hexane 2: 1) giving 46 mg (8096) of compound 
110. 
“C NMB: 6 170.8 (CH3cO); 170.1 (CH&O); 170.0 (CH3cO); 163.3 (C-4); 150.0 (C-2); 139.1 (C-6); 
103.3 (C-5); 79.0 (C-l’); 74.7 (C-4’); 70.1 (C-3’); 68.0 (C-5’); 61.9 (C-6’); 35.0 (C-2’); 20.5 (Me); 20.5 
(Me); 20.4 (Me). Anal. Cakd. for Cl&~N209: C, 50.03; H, 5.20, N, 7.29. 

1-(2’-Deoxy-3’,4’,6’-tri-O-benzyl-8-D-u~u~i~~-hexo-pyranosyl)-urac~l (llb) and l-(2’- 
Deoxy-3’,4’,6’-tri-O-benzyl-a-D-ara~irro-bexo-pyranosyl)-uracil (12). A mixture of compounds 
4b and Sb was treated with tributyldn hydride according with the general procedure. After 30 min. the reaction 
mixture was cooled and evaporated dry, obtaining 7 1 mg (90%) of a inseparable mixture of compounds llb 
and 12. A small fraction of this mixture was purified by HPLC for identification purpose.~. 
(llb). ‘“C NMR: S 162.4 (C-4); 149.5 (C-2); 139.5 (C-6); 138.0-127.6 (ph); 102.8 (C-5); 79.7 (C-l’); 79.6 
(C-4’); 79.1 (C-3’); 77.0 cH2Ph); 75.5 cH2Ph); 73.4 cH2Ph); 71.9 (C-S); 68.6 (C-6’); 36.0 (C-2’). 
(12). ‘3c NMR: 6 162.0 (C-4); 150.0 (C-2); 140.2 (C-6); 138.0-127.7 (Ph); 102.3 (C-5); 77.8 (C-l’); 73.4 

(C-4’); 71.7 (C-3’); 73.4 (IcHzPh); 71.2 (C-5’); 71.7 cH2Ph); 71.2 aH2Ph); 68.0 (C-6’); 30.3 (C-2’). 

1-(2’-deoxy-3’,4’,6’-tri-O-acetyl-6-D-~yxo-bex~pyranosyl)-uracil (13a). Compound 7a was 
ueated with tributyltin hydride following the general prcnzedure. Flash chromatography (ethyl acetate-hexane 
2:l) of the reaction crude gave 48 mg of 130 (83%) 
Mp= 66-68 *C. [a]$ +21.7’ (c 0.6, CHC13). 13C MHB: 8 170.0 (CH&O); 169.9 (CH&O); 169.7 
(CH3cO); 162.7 (C-4); 149.7 (C-2); 139.1 (C-6); 103.3 (C-5); 79.4 (C-l’); 73.9 (C-4’); 68.0 (C-3’); 65.1 
(C-S); 61.8 (C-6’); 30.8 (C-2’); 20.7 (3xMe). Anal. Calcd. for C1,$Q$V209: C, 50.03; H. 5.20; N. 7.29. 
Found: C, 49.71; H. 5.17; N, 7.08. 

1-(2’-deoxy-3’,4’,6-tri-O-benzyl-6-D-fyxo-bexo-pyranosyl)uracil (13b). Compound 7b was 
treated with hibutyltin hydride following the general procedure. Flash chromatography (ethyl acetate-hexane 
1:l) of the reaction crude gave 60 mg of 13b (76 46). 

Mp = 59-61 QC. [a]D” +9.6“ (c 0.5. CHCl3). UC NMB: 6 163.0 (C-4); 149.9 (C-2); 140.2 (C-6); 128.7- 
127.5 (Ph); 102.9 (C-5); 80.0 (C-l’); 76.7 (C-4’); 76.6 (C-3’); 74.6 cH2Ph); 73.6 (QlzPh); 71.8 (C-5’); 
70.7 GHzPh); 68.8 (C-6’); 31.8 (C-2’). Anal. Calcd. for C31&2N&j: C, 70.45; H, 6.06; N, 5.30. Found: 
C. 69.42; H. 6.17; N. 5.52. 

1-(2’.deoxy-3’,4’-di-0.acetyl-a-D-srytAril (14a). Compound 1Oa was 
treated with tributyltin hydride following the general procedure. Flash chromatography (ethyl acetate-hexane 
2: 1) of the reaction crude gave 42 mg of 14a (90%). 
Mp = 70-72 QC. [a]$ +30.6” (c 0.6. CHC13). 13c NMR: 6 169.7 (3xCH&O); 162.9 (C-4); 149.8 (C-2); 

139.6 (C-6); 103.1 (C-5); 74.8 (C-l’); 73.4 (C-4’); 66.5 (C-3’); 66.3 (C-5’); 60.0 (C-6’); 32.9 (C-2’); 21.0 

(Me); 20.8 (Me); 20.6 (Me). Anal. Calcd. for CltHt&O7: C. 50.00; H. 5.13; N, 8.97. Found: C, 48.84; H, 
5.09; N, 8.48. 
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1-(2’-deoxy-3’,4’-di-0-benzyl-a-D-cryflil (14b). Compound lob was 
treated with tributyltin hydride following the general procedure. Flash chromatography (ethyl acetate-hexane 
1: 1) of the reaction crude gave 52 mg of 14b (85%). 
[a]# -36.6’ (c, 6.5 CHC13). tic NMB: 6 163.24 (C-4); 150.10 (C-2); 140.03 (C-6); 128.43-127.44 (Ph), 

102.90 (C-5); 79.99 (C-17; 75.19 (C-4’); 71.54 cH#h); 70.60 cH2Ph); 70.17 (C-3’); 66.72 (C-51; 31.75 
(C-2’). Anal. Calcd. for C23HuN$J5: C. 67.64, H, 5.88; N, 6.86. Found: C, 67.14; H, 5.76; N, 6.50. 
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