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Abstract

Based on the potent anticancer activity of bharabino-configured cytosine nucleoside

ara-C, novel 2'-substituted-4'-selenoarabinofurgdngyrimidines 3a-3u, comprising

azido, fluoro, and hydroxyl substituents at C-2'ravalesigned, synthesized, and

evaluated for anticancer activity. The 2'-azidougravas stereoselectively introduced by

the Mitsunobu reaction using diphenylphosphoryldaz{DPPA), and the 2'-fluoro

group was stereoselectively introduced througldthgble inversions of stereochemistry

via the episelenium intermediate, which was forrmgdhe participation of the selenium

atom. Among the compounds tested, the 2'-fluorovdve 3t (X = NH,, Y = H, R =

F) was found to be the most potent anticancer agehshowed more potent anticancer

activity than the control, ara-C in all tested hungancer cell lines (HCT116, A549,

SNU638, T47D, and PC-3) except the leukemia celkdi (K562). The anticancer

activity of the 2'-substituted-4'-selenonucleosigeis the following order: 2'-F > 2'-OH

> 2'-Ns.



Introduction

DNA and RNA building blocks have long been regardsdraluable resources
towards the development of therapeutically usefoldiired nucleosides. The major
mechanism of action of these modified nucleosidesafvariety of biological activities
Is to act as antimetabolites interfering with clalfuor viral metabolism. Based on this
mechanism, many anticancer or antiviral nucleoskdas clinically been developed as
antimetabolites.

Uridine (la, X = OH) and cytidine b, X = NH,;) are essential RNA
pyrimidine building blocks and have also been sgras important templates for the
development of new antiviral and anticancer age@ts.the basis of the structure of
these templates, modifications have largely beeredmn the 2' or 3' position and 2'-
modified nucleosides generally showed better bickgactivities’> For example, B-
D-arabinofuranosyl cytosine (ara-@, X = NH,, Y = O, R = OH) with armarabino
configuration is one of the representative nuclesiand is being used clinically as an
anticancer ageritlts bioisosteric 2'-fluoro (Y = O, R = £and 2"-azido (Y = O, R =

N3)° analogueg also showed good antiviral or anticancer activifiéigure 1).
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Figure 1. The rationale for the design of the target nusie3

On the basis of bioisosteric rationale, the comweasing 4'-methylene
(carbocyclic§ and 4'-thionucleosidé were also synthesized and reported to show
various biological activities. Although they possad better enzymatic and chemical
stability than the corresponding 4'-oxonucleosidaesly a few nucleosides showed
attractive biological activity. Thus, the discoveslya new template to replace known

modified nucleosides has highly been desirable.



Recently, the 4'-selenonucleoside has been repasethe next generation
nucleoside for the development of new therapeatents as well as new biolo
gical tools® Among these, the 4'-seleno analogdidX = NH,, Y = H, R = F)
of 2'-fluoro-ara C showed potent anticancer activit a panel of human tumor
cell lines® Thus, based on these findings, it was of grearést to study the s
tructure-activity relationship of the 4'-selenoamaffuranosyl-pyrimidines3 substitu
ted with bioisosteric azido, fluoro, or hydroxylogip at the 2' position as antica
ncer agents. The 2'-azido group was stereoseléctimeroduced by the Mitsunob
u reaction using diphenylphosphoryl azide (DPPAjhwinversion of configuration
and the 2'-fluoro group was stereoselectivelyonhiiced byN,N-diethylaminosufu
r trifluoride (DAST) reaction via an episeleniumniontermediate through double
inversions of configuration. In this article, wepport the full accounts of the str
ucture-activity relationships of 2'-modified-4'-sebarabibofuranosyl pyrimidine3

as anticancer agents.

Results and discussion

Chemistry



For the synthesis of the target nucleosides, theihktermediate 4-selenosugfrwas
first synthesized fromd-ribose according to our previously reported pracedScheme
1) Commercially available 2,8-isopropylidenes-ribonolactone 4) was converted
to known 2,30-isopropylidene:-lyxonolactone %) in two steps. Protection of the
hydroxyl group of5 with TBDPS group gavé which was treated with NaBHo give
diol 7. Treatment of7 with MsCI followed by the treatment with the resudf
dimesylate8 with NaSe (preparedn situ with Se and NaB}kj, afforded the 4-

selenosuga®®®in excellent yield.

Scheme 1
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Reagent and conditions: a) MsCl, TEA, MC, -20 °C to rt, 2 h; b) KOH, H,0, rt, 15 h; c)
TBDPSCI, EtzN, DMAP, MC, rt, 3 h; d) NaBH,, MeOH, 0 °C to t, 3 h; e) MsCl, Et3N,
DMAP, MC, 0 °C, 30 min; f) Se, NaBH,4, MeOH, THF, 70 °C, 15 h.



The key intermediate9 was first converted to the key precursors, 4'-
selenoribofuranosyl pyrimidinel2a-12f for the modification of th@'-position, using a

Pummerer type condensation reaction as a keyaseghown in Scheme®2.

Scheme 2
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9 R = TBDPS 10 11a (X = H) (65%) 12a (X = H) (81%)
11b (X = CHs) (66%) 12b (X = CHs) (94%)
11c (X = F) (39%) 12¢ (X = F) (98%)
11d (X = Cly (44%) 12d (X = Cl) (92%)
11e (X = Br) (45%) 12e (X = Br) (93%)
11f (X = 1) (42%) 12f (X = 1) (82%)

Reagent and conditions: a) mMCPBA, CH,Cl,, -78 °C, 45 min; b) Base, Et;N, TMSOTf, CH,Cl,, toluene,
0 °C to rt; c) 50% TFA, THF, rt.

Oxidation of9 with mCPBA gave the glycosyl donor, 4-selenoxib@®®®
The Pummerer-type condensationl@fwith various pyrimidine bases such as uracil,
thymine, and 5-halouracils in the presence of ttinyisilyl trifluoromethanesulfonate
(TMSOTf) and EfN vyielded the g-anomers1la11f, exclusively. The anomeric

configurations ofl1a11f were easily confirmed by the NOE experiment betwEdH



and 4'-H. Removal of the protecting groupslag11f with 50% TFA vyielded the}'-
selenoribofuranosyl pyrimidine2a-12f.

For the synthesis of the 2'-azido-4'-selenoarabmaoiosyl pyrimidines3a-3f,
the ribo analogued2a12f were treated with TIPDSEIto give the 3',50-TIPDS

protected nucleosidds3a-13f, respectively (Scheme 3).
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3a (X = H, 77%)
3b (X = CHs, 76%)
3c (X = F, 74%)
3d (X = Cl, 80%)
3e (X = Br, 82%)
3f (X =1, 78%)

16a (X = H, 80%)
16b (X = CH,, 82%)
16¢ (X = F, 84%)
16d (X = Cl, 78%)
166 (X = Br, 80%)
16f (X = 1, 73%)

Reagents and conditions: a)TIPDSCI,, pyridine, rt; b) BzCl, E4N*Br’, in aqueous Na;CO3/CH,Cly, rt for 13a, 13¢-13f and
BzCl, Et;N, CH,Cl,, rt for 13b; c) DEAD, DPPA, PPhs, THF, rt; d) 3HF.Et;N, Et;N, THF, 0 °C; ) NH3/MeOH, rt.

To prevent the formation dd2,2'-anhydro nucleosides during the Mitsunobu
reaction with diphenylphosphoryl azide (DPPA), tNe3 position of 13a13f was
selectively protected with electron-withdrawing beyl group in the presence of the 2'-

hydroxyl group to givel4a14f. Treatment ofl4a14f with DPPA under the Mitsunobu



conditions afforded the desired 2'-azidoarabinofasyl derivatives15a15f with
inversion of stereochemistry, respectively. The oeah of TIPDS groups ol5a15f
with 3HFEN yielded16a16f, which were treated with methanolic ammonia toraff
the final 2'-azido-4'-selenoarabinofuranosyl pydmes 3a3f, respectively. The
configuration of the 2'-azido group &a3f was unambiguously confirmed by the
comparison of'H NOE experiments o8b. Irradiation on 2'-H in3b gave the peak
enhancement by 6.0% on 4'-H, while no NOE betwedd and H-6 was observed,
indicating that the sugar moiety possesses anraraoinfiguration.

For the synthesis of 2'-fluoro-4'-selenoarabinafosyl pyrimidines3g-3l, the
same intermediatek3a13f were converted t81g-21l, respectively which serve as the
substrates for DAST fluorination, as shown in Scaefn Treatment ol3a13f with
MsCI/DBU gave theO2,2'-anhydro nucleoside$7g17l. After the removal of the
TIPDS groups ofl7g-17lwith 3HFELN, the resulting diolsl8g18I were protected
with trityl (Tr) and THP groups to giv80g20I, respectively. Opening of th®2,2'-
anhydro ring in 20g20l with 1 M NaOH afforded21g21l with an arabino
configuration at the 2'-position, respectively, ahiserve as the substrates for DAST

fluorination.
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20h (X = CH3, 96%)
20i (X = F, 82%)
20j (X = Cl, 90%)
20k (X = Br, 75%)
201 (X =1, 74%)

18g (X = H, 69%)
18h (X = CHg, 76%)
18i (X = F, 79%)
18j (X = Cl, 85%)
18k (X = Br, 86%)
181 (X =1, 89%)

19g (X = H, 69%)
19h (X = CHg, 77%)
19i (X =F, 81%)
19j (X = Cl, 74%)
19Kk (X = Br, 83%)
191 (X =1, 69%)

Reagents and conditions: a) MsCl, DMAP, Et3;N, MC, 0 °C; b) DBU, acetone, rt; c) 3HFEt3N, Et3N,
THF, 0 °C; d) TrCl, DMAP, pyridine, 60 °C; e) DHP, MC, rt; f) 1N NaOH, CH5CN, rt

Treatment of21g-21l with DAST gave the desired 2'-fluoro derivative®g

221 with arabino configurations, which were formed by doublg2Sreactions via

episelenium ion intermediates resulting from theigi@ation of the selenium atoffias

shown in Scheme 5. The stereochemistry of the dlgwoup of22g-22| was confirmed

by the comparison of the X-ray crystal structure3gfformed after the removal of all

the protecting groups i22g (Figure 2). Treatment a?2g-22| with 80% acetic acid

afforded the final 2'-fluoro-4'-selenoarabinofuraylgpyrimidines3g-3l, respectively.



Scheme 5
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Reagents and conditions: a) DAST, MC, -78 °C (30 min), 0°C (2 h); b) aq. 80% CH;COOH.
For the synthesis of the 4'-selenarabinofuranogyivdtives,18g-18k were
treated with 1 M NaOH to yield the final 4'-seles@inofuranosyl pyrimidine8m-3q,
respectively (Scheme 6). Surprisingly, the reactbb-iodo derivativel8l under these
set of conditions resulted in the formation of tehalogenated uracil compourhy|

54%) instead of giving3r. Thus, the synthesis of the 5-iodo derivati®e was



completed by the Mitsunobu reaction b#f followed by the removals of all protecting

groups, as shown in Scheme 7.
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Reagents and conditions: a) Ac,0, rt; b) 1,2,4-triazole, Et3N,
POCI;, CH3CN, rt; c) NH,OH, 1,4-dioxane, rt; d) NH3/MeOH, rt.

The uracil derivatives8a, 3g, and 3m were converted to the corresponding
cytosine derivative8s, 3t, and3u, respectively, as illustrated in Schem¥ &he uracil
derivatives3a, 3g, and3m were peracetylated to gi\&8s 23t, and23u, respectively.
Treatment of23s 23t, and 23u with POC}, 1,2,4-triazole, and BY gave the
corresponding triazole derivativ@ds 24t, and24u, which were immediately used in

the next step just after work-up because they ameemlly unstable during the



purification by silica gel column chromatographyorfpounds24s 24t, and24u were
successively treated with NBH in 1,4-dioxane and methanolic ammonia to affiel

cytosine derivative8s, 3t, and3u, respectively®

Antitumor activity evaluation

All the final 2'-modified-4'-selenoarabinofuranosyyrimidines 3a-3u were
assayed for cytotoxic effects in several human eaxell lines such as colon cancer
(HCT116), lung cancer (A549), stomach cancer (SN8)6dreast cancer (T47D),
prostate cancer (PC-3), and leukemia (K562) celtshg sulforhodamine B (SRB)

protein staining method (Table *f).

Table 1. Anticancer activity of all the final 2'-modified-delenonucleoside8a-3u in
several human cancer cell lines.

X
Oy
HO N°0
§Se; R
OH
IC 50 (LM)°
C d No.
ompound No HCT116° AB4Y SNU63S T47D° PC-3 K562
3a(X=OH.Y=-H,R=1N) > 100 >100  >100  >100 >100 >100
3b (X =OH, Y = Me, R= N) > 100 >100  >100  >100 >100 >100
3c(X=OH,Y=F,R=N) >100 >100  >100  >100 >100 > 100
3d(X=OH,Y=ClLR=Ny) >100 >100  >100  >100 >100 >100
3e (X=OH,Y=Br,R=N) > 100 >100  >100  >100 >100 >100
3F(X=OH,Y=1,R=Ny >100 >100  >100  >100 >100 >100
39(X=OH,Y=H,R=FJ > 100 >100  >100  >100 >100 >100

3h(X=0H,Y=Me,R=F) 85.2 76.4 77.2 65.3 88.0 76.3




B3iX=0OH,Y=F,R=F) 40.1 54.2 50.1 51.1 43.1 78.5

3j(X=0OH,Y=CI,R=F) 80.2 82.1 76.3 771  >100 > 100
3k(X=OH,Y=Br,R=F) > 100 > 100 > 100 >100 >100 >100
A (X=0H,Y=I,R=F) > 100 > 100 > 100 >100 >100 > 100
3m(X=0H,Y=H,R=OH]  >100 > 100 > 100 >100 >100 >100
3n(X=0OH,Y=Me,R=0H) >100 > 100 > 100 >100 >100 > 100
30 (X=OH, Y =F, R=0H) 56.8 55.2 60.1 674 663 >100
3p (X=0H, Y =CI, R = OH) > 100 > 100 > 100 >100 >100 > 100
3q (X = OH, Y = Br, R = OH) > 100 > 100 > 100 >100 >100 > 100
3r(X=0H, Y =1, R=0H) > 100 > 100 > 100 >100 >100 >100
3s(X=NH, Y =H, R=Ny) 78.3 80.1 85.2 784 751 623
3t(X=NHp Y=H, R=F) 1.1 0.47 0.14 079 058 0.63
3u(X=NH, Y =H, R=OH)" 7.13 8.83 4.72 891 454  86.6
Ara-C (2)" 5.3 1.90 0.15 2.72 55.9 0.05

dmeasured using SRB methdiuman colon cancer cell lineé$iuman lung cancer cell line$uman stomach cancer cell
lines; *human breast cancer cell lindsyman prostate cancer cell linéisyman leukemia cell line&ef. 8c; ND.

As shown in Table 1, all the cytosine derivatias3u showed significant
anticancer activity in human tumor cell lines tdsteamong which the 2'-fluoro
derivative 3t was the most potent and was more potent than theotoAra-C @)
except human leukemia cell lines (K562)The anticancer activity of the 2-modified-
4'-selenoarabinofuranosyl cytosines decreasedeirialfowing order: 2'-F derivativat
(R = F) > 2'-OH derivativau (R = OH) > 2'-N; derivative3s (R = Ng). In case of all
the uracil, thymine, and 5-halouracil derivativdse same trend was also observed as
the cytosine derivatives: 2'-F derivati@e (R = F) > 2'-OH derivative8o (R = OH),
although they showed very weak activity. Intereginthe 5-fluorouracil derivative3i
and 3o with 2'-F and 2'-OH substitution exhibited mordgya anticancer activity than

other uracil, thymine, and 5-halouracil derivativedl the 2'-azido derivatives did not



show significant anticancer activity up to 100, except the cytosine derivativés
showing weak anticancer activity.

In order to determine if the anticancer activity3vfdepends on the conversion
to the corresponding triphosphate by cellular k&saswhich are essential for the
inhibition of DNA and/or RNA cellular polymerasét was incubated in the cell and the
metabolites were analyzed by LC-MS. Surprisinglpne of any mono-, di-, or
triphosphate was detected as the major metabaolitdke ara-C 2), which was
converted to the corresponding triphospHatedicating that the anticancer activity of
3t might come from different mechanism of action fridmat of ara-C %) 16, lines used
in the treatment of leukemia. This cellular metadol study might explain wht is
less potent against human leukemia cell lines (K%6® more potent against solid
tumor cell lines (HCT116, A549, SNU638, T47D, ar@-8) than ara-C2). This result
also demonstrates that all synthesized compoungktmot act as cellular DNA and/or
RNA polymerase inhibitors because of no phosphtoylaby cellular kinases. No
phosphorylation of3t by cellular kinases might be attributed to the edéht sugar
puckerind? of 4-selenosugérAs shown by the X-ray crystal structtitef 3g (Figure
2), bulky selenium atom push@8g to adopt the 2'-endo/3'-exo (South) conformation

with pseudorotation parametersPf 0.033 andt,, =46.2. When compared with the



corresponding 4'-oxo derivative (2’-deoxy-2’-fluaradine), which takes the unusual 4'-

exo/1'-endo sugar puckering with= 70.84 andt, =38.2, the conformation of @

appears to be affected by selenium atom. Moste®tHluoro derivatives including 2’-

deoxy-2’-fluorocytidine and 2’-deoxy-2’-fluoro-4htocytidine shows typical 2’-exo/3'-

endo (North) conformation due to the gauche eféect this conformational difference

will affect the orientation of the 5'-OH which issential for the phosphorylation.

Figure 2. The X-ray crystal structure of 2’-deoxy-2’-flued-selenouridine 3g)

Conclusions

On the basis of potent anticancer activity of argZy with the 2'-arabino

configuration, the 2'-deoxy-4'-selenoarabinofurghgs/rimidines 3a-3u with the 2'-

azido, 2'-fluoro, or 2'-hydroxyl substitution wemgynthesized fromb-ribose and

evaluated for cytotoxic effects in a panel of hurhamor cell lines. The highlight of our



synthetic endeavor is the Pummerer-type base ceatlen, Mitsunobu reaction with
DPPA for the introduction of the 2'-azido groupgdeastereoselective fluorination via the
episelenium intermediatédmong compounds testethe 2'-fluoro derivative3t was
found to exhibit the most potent anticancer activaind showed better anticancer
activity than the reference, ara-C. Synthesis, @onétional study, and cellular study
executed in this study will provide the medicindlemist with great insight into the

design of novel modified nucleosides.

Experimental Section
General methods.

'H-NMR Spectra (CDG| CD;OD or DMSO-@) were recorded on Varian Unity Invoa
400 MHz. The'H-NMR data are reported as peak multiplicitiesossinglet, d for doublet, dd
for doublet of doublets, t for triplet, q for quetit br s for broad singlet and m for multiplet.
Coupling constants are reported in HeHg-NMR spectra (CDG) CD,OD or DMSO-@) were
recorded on Varian Unity Inova 100 MHZE-NMR spectra (CDG) CD;OD) were recorded on
Varian Unity Inova 376 MHz. The chemical shifts weeported as parts per milliod) felative
to the solvent peak. Optical rotations were deteegiion Jasco Il in appropriate solvent. UV

spectra were recorded on U-3000 made by Hitachigthanol or water. Infrared spectra were



recorded on FT-IR (FTS-135) made by Bio-Rad. Mglfimints were measured on B-540 made
by Buchi. Elemental analyses (C, H, and N) weredusedetermine purity of all synthesized
compounds, and the results were within + 0.4% ef ¢hlculated values, confirming > 95%
purity. The progress of reactions was monitoredthia layer chromatography (TLC, Merck
precoated 60 J, plates) and ethyl acetate:hexane or dichloromethagthanol. The TLC
plates were visualized using UV lamp (254 nM) andfaining in anisaldehyde solution with
acetic acid, sulfuric acid and methanol. Flash moiuchromatography was performed using
silica gel 60 (230-400 mesh, Merck) and ethyl dedt@xane or dichloromethane/methanol
mixtures as the mobile phase. Reagents were pwdhfasm Aldrich Chemical Company.
Solvents were obtained from local suppliers. Ak thnhydrous solvents were distilled over
CaH, P,Os or sodium/benzophenone prior to the reaction. rAlictions sensitive to air or
moisture were conducted under nitrogen atmospluatess otherwise stated. The yields given
refer to purified products after column chromatgdwa or recrystallization with appropriate
solvents. 2.3-O-isopropyledeelyxono-1,4-lactonef) was synthesized from-ribose using a
known proceduré.Compounds6-9 were synthesized according to our previously regbor

proceduré®

General procedure for the synthesig-@nomerslla-11f.



To a stirred solution of 4-selenosudghin dichloromethaneas added a solution ot CPBA
(1.1 equiv.) in dichloromethane at -T8and the mixture was stirred at the same tempreré&tu
45 min. The reaction mixture was quenched withrsétd NaHC@ solution and then extracted
with dichloromethane. The organic layer was washild saturated NaHCfbrine, dried over
MgSQ,, filtered and evaporated under reduced pressinerdsidue was purified on flash silica
gel column chromatography (dichloromethane:methar@0:1) to give selenoxid&0 (85%) as

a colorless syrup. Due to the unstable nature lehegide10, it was immediately used for the
next step.

To a suspension of appropriate pyrimidine base @Rive in toluene were added
triethylamine (4.1 equiv.) and trimethylsilyl tiifbromethanesulfonate (6.1 equiv.) and the
mixture were stirred at room temperature for 1 he Bilylated base solution was diluted with
additional dichloromethane and this solution wagnthadded to a solution 0of0 in
dichloromethane dropwise over a period of 20 minOatC. An additional amount of
triethylamine (2.1 equiv.) was added dropwise ®risaction mixture to initiate the Pummerer
reaction at 6C. After the reaction mixture was stirred at ro@mperature for 15 h, the reaction
mixture was quenched with saturated NaH@@d extracted with dichloromethane. The organic
layers were washed with saturated NaHQ®lution, water and brine, dried over Mg$O

filtered and evaporated under reduced pressure.r@sidue was purified on flash silica gel



column chromatography (hexane:ethyl acetate =ta:@jve the-anomerslla-11f

(-)-1-[5-O-(tert-Butyldiphenylsilyl)-2,30-isopropylidene-4-selenb-ribofuranosyljuracil(11a).
Light yellow foam; Yield: 65%; d]p>° -47.74 € 0.22, CHOH); UV (CH;OH) Amax 265 nm:*H
NMR (400 MHz, CDC}) § 8.45 (brs, 1H), 7.69-7.63 (m, 4H), 7.52 {d= 8.4 Hz, 1H), 7.45-
7.37 (m, 6H), 6.35 (d] = 4.0 Hz, 1H), 5.56 (dd] = 2.0, 8.0 Hz, 1H), 4.73 (dd,= 4.2, 5.2 Hz,
1H), 4.67 (dd,]J = 4.2, 5.2 Hz, 1H), 4.02-3.95 (m, 3H), 1.56 (s, 3HR8 (s, 3H), 1.08 (s, 9H);
¥C NMR (100 MHz, CDG)) § 150.0, 142.0, 135.8, 135.7, 133.2, 132.8, 13®8,2], 128.1,
112.4, 103.5, 90.1, 85.3, 76.6, 66.1, 59.7, 583,27.1, 27.0, 26.8, 25.5 19.5; MS (FAB) m/z
587 [M+H]"; Found: C, 57.04; H, 5.86; N, 4.66. Calc. fogz,N,OsSeSi: C, 57.43; H, 5.85; N,
4.78%.
(-)-1-[5-O-(tert-Butyldiphenylsilyl)-2,30-isopropylidene-4-selenb-ribofuranosyl]thymine
(11b).

Light yellow foam; Yield: 66%; ]p>° -29.79 € 5.83, CHCIl,); UV (CH;OH) Anay 278 nm;*H
NMR (400 MHz, CDC)) 6 8.13 (s, 1H), 7.69-7.67 (m, 4H), 7.43-7.37 (m, 66183 (s, 1H),
4.71 (m, 2H), 4.04 (m, 2H), 3.92 (m, 1H), 1.833kl), 1.56 (s, 3H), 1.08 (s, 9 HFC NMR
(100 MHz, CQOD) é 140.1, 136.9, 136.8, 134.6, 134.3, 131.3, 1312®.11 129.0, 112.9,
112.6, 90.9, 87.0, 79.7, 67.7, 61.2, 52.4, 28.24,225.6, 20.2, 12.5; MS (FAB) m/z 601
[M+H]"; Found: C, 58.30; H, 6.48; N, 4.37. Calc. fortGsN,OsSeSi: C, 58.09; H, 6.05; N,
4.67%.

(-)-5-Fluoro-1-[50-(tert-butyldiphenylsilyl)-2,30-isopropylidene-4-selenpb-
ribofuranosyljuraci(11¢).

Light yellow foam:; Yield: 59%; ¢]p?° -21.52 € 7.15, CHCl,); UV (CH,Cl,) Amax 284 nm;*H

NMR (400 MHz, CDCY) § 7.69-7.66 (m, 4H), 7.61 (d,= 2.0 Hz, 1H), 7.48-7.38 (m, 6H), 6.34



(dd,J= 1.2, 4.4 Hz, 1H), 4.68 (dd,= 3.2, 5.6 Hz, 1H), 4.62 (8= 4.4 Hz, 1H), 4.05-4.00 (m,
2H), 3.92 (ddJ = 9.2, 12.4 Hz, 1H), 1.57 (s, 3H), 1.28 (s, 3H),91(6, 9H);**C NMR (100
MHz, CDCk) & 156.67 (dJ= 27.3 Hz), 148.9, 140.6 (d,= 239.3 Hz), 135.8 (d] = 8.8 Hz),
133.0 (d,J = 11.0 Hz), 130.2, 128.1 (d,= 1.5 Hz), 126.0 (dJ = 33.8 Hz), 112.7, 89.7, 84.7,
66.0, 59.8, 50.1, 28.0, 27.1, 25.5, 19%;NMR (376 MHz, CDGJ) 5 -161.88 (dJ = 5.2 Hz);
MS (ESI) m/z 643.0957 [M+K] Found: C, 55.78; H, 5.14; N, 4.62. Calc. for
CagH3sFN,OsSeSi: C, 55.71; H, 5.51; N, 4.64%.
(-)-5-Chloro-1-[50-(tert-butyldiphenylsilyl)-2,30-isopropylidene-4-selenp-
ribofuranosyl]uraci(11d).

Light yellow foam:; Yield: 44%; ¢]p*° -29.31 € 1.01, CHCI,); UV (CH,Cl,) Amax 283 nm;*H
NMR (400 MHz, CDC}) & 8.64 (brs, 1H), 7.81 (s, 1H), 7.67 (m, 4H), 7.42 6H), 6.30 (d,) =
4.8 Hz, 1H), 4.69 (dd] = 3.2, 5.6 Hz, 1H), 4.63 (dd,= 4.4, 6.0 Hz, 1H), 4.03 (m, 2H), 3.91
(dd,J = 9.2, 12.4 Hz, 1H), 1.56 (s, 3H), 1.27 (s, 3H) 81, 9H);**C NMR (100 MHz, CDC))

5 158.7, 149.5, 138.8, 135.9, 133.1, 130.2, 128.2,7, 110.1, 89.7, 84.6, 65.9, 59.7, 50.4, 27.9,
27.1, 25.5, 19.5; Found: C, 54.12; H, 5.67; N, 4Q8&lcd for GgH33CIN,OsSeSi: C, 54.24; H,
5.36; N, 4.52%.

(-)-5-Bromo-1-[50-(tert-butyldiphenylsilyl)-2,30-isopropylidene-4-selenb-
ribofuranosyljuraci(11e).

Light yellow foam; Yield: 45%; q]p*° -25.41 € 6.49, CHCI,); UV (CH,Cl,) Amax 285 nm;*H
NMR (400 MHz, CDCY) & 9.41 (s, 1H), 7.82 (s, 1H), 7.69-7.66 (m, 4H),777438 (m, 6H),
6.29 (d,J = 4.4 Hz, 1H), 4.72-4.65 (m, 2H), 4.07-3.90 (m, 3H}E6 (s, 3H), 1.28 (s, 3H), 1.09
(s, 9H);**C NMR (100 MHz, CDGJ) § 158.9, 149.7, 141.4, 135.8, 133.0, 130.2, 12812,7,
97.9. 89.7, 84.6, 66.0, 59.7, 50.5, 28.0, 27.15,28.5; Found: C, 50.66; H, 5.00; N, 4.21. Calc.

for C,gH33BrN,OsSeSi: C, 50.61; H, 5.01; N, 4.22%.



(-)-5-lodo-1-[50O-(tert-butyldiphenylsilyl)-2,30-isopropylidene-4-selenp-
ribofuranosyl]uraci(11f).

Light yellow foam; Yield: 42%; ¢]p*° -52.4 € 0.11, CHOH); UV Amax (CHsOH) 284 nm;'H
NMR (400 MHz, CDCJ) & 8.71 (s, 1H), 7.89 (s, 1H), 7.69-7.66 (m, 4H),877438 (m, 6H),
6.24 (d,J = 4.4 Hz, 1H), 4.71-4.63 (m, 2H), 4.06-4.01 (m, 2B{95-3.89 (m, 1H), 1.55 (s, 3H),
1.27 (s, 3H), 1.09 (s, 9H}*C NMR (100 MHz, CDGCJ) & 159.6, 149.8, 146.5, 135.9, 135.8,
133.1, 133.0, 130.24, 130.21, 128.1, 128.0, 11898], 84.6, 69.4, 66.0, 59.6, 50.6, 28.0, 27.1,
25.5, 19.5; Found C, 46.99; H, 4.97; N, 3.99. Clc C,gH33IN,OsSeSi: C, 47.26; H, 4.67; N,

3.94%.

General procedure for the synthesis of ribofurahasglogued 2a-12f

To a solution of compountila-11fin tetrahydrofuran was added 50% aqueous triflacetc
acid at 0°C and the mixture was allowed to stir at room terapee for 15 h. The solvent was
evaporated under reduced pressure and then corateppainder reduced pressure three times

with dry toluene to givd2a-12f

(-)-1-(4-Selenoe-ribofuranosyl)uraci(12a).

White solid; Yield: 81%; mp 198-20%C; [0]p*° -113.93 ¢ 0.33, CHOH); UV (CH;OH) Amax
267 nm;'H NMR (400 MHz, CROD) 5 8.00 (d,J = 8.0 Hz, 1H), 6.11 (d] = 8.8 Hz, 1H), 5.77
(d,J = 8.0 Hz, 1H), 4.26 (dd] = 3.6, 8.4 Hz, 1H), 4.19 (§ = 2.5 Hz, 1H), 3.75 (dd] = 7.8,
11.4 Hz, 1H), 3.63 (ddl = 7.8, 11.4 Hz, 1H), 3.44-3.40 (m, 1HJC NMR (100 MHz, CROD)
§ 163.0, 150.9, 142.1, 102.1, 77.0, 73.5, 63.6,,583; MS (FAB) m/z 307 (N); Found: C,
34.93; H, 3.82; N, 9.07. Calc. forld;,N,OsSe: C, 35.19; H, 3.94; N, 9.12%.

(-)-1-(4-Selenme-ribofuranosyl)thymine X2b).



White solid, Yield: 94%; mp 128-13C; [0]o*° -111.62; € 0.86, CHOH); UV (CH;OH) Arax
275 nm;*H NMR (400 MHz, CRQOD) § 7.91 (s, 1H), 6.29 (d|= 8.4 Hz, 1H), 4.38 (dd] = 3.6,
8.0 Hz, 1H), 4.26 (t) = 2.8 Hz, 1H), 3.88 (dd] = 6.4, 11.6 Hz, 1H), 3.82 (dd,= 5.6, 11.6 Hz,
1H), 3.56-3.53 (m, 1H), 1.91 (s, 3HJC NMR (CD,OD) & 166.3, 153.1, 139.6, 112.2, 80.1,
76.4, 65.2, 57.6, 30.8, 12.6; MS (ESI) m/z 344.99d*Na]"; Found: C, 37.53; H, 4.02; N,
8.47. Calc. for GH14N-OsSe: C, 37.39; H, 4.39; N, 8.72%.
(-)-1-(4-Selenm-ribofuranosyl)-5-fluorouracilX29).

White solid; Yield: 98%; mp 199-20C; [0]p*° -26.84 € 0.79, CHOH); UV (CH;OH) Amax 275
nm; *H NMR (400 MHz, CRQOD) & 8.31 (t,J = 3.4 Hz, 1H), 6.27 (dd] = 1.6, 7.6 Hz, 1H),
4.37 (dd,J = 3.4, 7.8 Hz, 1H), 4.26 (§ = 3.0 Hz, 1H), 3.90-3.81 (m, 2H), 3.58-3.54 (m, 1H);
3C NMR (100 MHz, CROD) $ 159.2 (d,J = 101.6 Hz), 151.3, 142.5, 140.2, 127.7 {&
139.6 Hz), 80.2, 76.3, 64.6, 5814 NMR (CD;OD) 5 -166.65 (tJ = 5.65 Hz); MS (ESI) m/z
364.9437 [M+K]; Found: C, 33.64; H, 3.79; N, 8.43. Calc. foHGFN,OsSe: C, 33.24; H,
3.41; N, 8.62%.

(-)-1-(4-Selenme-ribofuranosyl5-chlorauracil (12d).

White solid; Yield: 92%; mp 220-228:; [a]p?* -27.87 € 0.24, CHOH); UV (CH;OH) Armax 280
nm;'H NMR (400 MHz, CROD) & 8.42 (s, 1H), 6.25 (d} = 8.0 Hz, 1H), 4.39 (ddl = 3.2, 7.6
Hz, 1H), 4.24 (tJ = 3.2 Hz, 1H), 3.90-3.81 (m, 2H), 3.59-3.55 (m, 1HE NMR (100 MHz,
CDsOD) 6 161.4, 152.0, 141.1, 109.7, 80.4, 76.5, 64.8,,58041; MS (ESI) m/z 364.9613
[M+Na]*; Found: C, 31.89; H, 3.33; N, 8.23. Calc. fHGCIN,OsSe: C, 31.64; H, 3.25; N,
8.20%.

(-)-1-(4-Selenoa-ribofuranosyly5-chlorauracil (126.

White solid; Yield: 93%; mp 169-173; [a]p*° -61.81 ¢ 1.11, CHOH+H,0); UV (CH;OH)

Amax 282 NmM;*H NMR (400 MHz, CROD) § 8.51 (s, 1H), 6.25 (dl = 7.6 Hz, 1H), 4.39 (dd]



= 3.6, 7.6 Hz, 1H), 4.24 (1 = 3.0 Hz, 1H), 3.90-3.81 (m, 2H), 3.59-3.55 (m, 1HE NMR
(100 MHz, CQOD) § 161.5, 152.2, 143.7, 97.4, 80.5, 76.5, 64.7, 58041; MS (ESI) m/z
408.8908 [M+Nal; Found: C, 27.89; H, 3.03; N, 7.44. Calc. foHgBrN,OsSe: C, 28.00; H,

2.87; N, 7.26%.

(-)-1-(4-Selena-ribofuranosyl)5-iodauracil (12f).

White solid; Yield: 82%; mp 242-244C; [0]p™ -83.50 € 0.61, CHOH+H,0); UV A
(CH;OH) 292 nmH NMR (400 MHz, CRQOD) & 8.55 (s, 1H), 6.22 (dl = 7.6 Hz, 1H), 4.38
(dd,J = 3.6, 7.6 Hz, 1H), 4.23 (] = 3.2 Hz, 1H), 3.90-3.81 (m, 2H), 3.59-3.56 (m, 1Hg
NMR (100 MHz, CROD) § 160.4, 150.8, 146.4, 77.5, 73.8, 69.9, 63.4, 589%; MS (ESI)
m/z 456.8775 [M+Nd]} Found: C, 25.04; H, 2.54; N, 6.07. Calc. faHGIN,OsSe: C, 24.96; H,

2.56; N, 6.47%.

General procedure for the synthesid8a-13f.

To a solution of compounti2a-12fin pyridine was added 1,3-dichloro-1,1,3,3-tepi®pyl
disiloxane (1.5 equiv.) at'C and the mixture was allowed to stir at room terapee for 3 h.
The reaction mixture was concentrated, and theluesco-evaporated under reduced pressure
three times with toluene. The residue was purifisd silica gel column chromatography

(hexane:ethyl acetate = 2:1) to gil@a-13f

(9)-1-[3,50-(1,1,3,3-Tetraisopropyldisiloxane-1,3-diyl)-4-saebed-ribofuranosyl]uraci(13a).
White foam; Yield: 86%:]p™ -1.31; € 0.84, CHCL,); UV (CH,Cl,) Amax 265 nm;'H NMR
(400 MHz, CDC}) 6 9.29 (brs, 1H), 8.20 (d,= 8.0 Hz, 1H), 6.06 (s, 1H), 5.72 (@= 8.0 Hz,

1H), 4.34 (ddJ = 3.2, 9.2 Hz, 1H), 4.21 (I = 1.2 Hz, 1H), 4.14 (dd) = 3.2, 13.2 Hz, 1H),



4.02 (d,J= 1.6, 12.8 Hz, 1H), 3.88 (di,= 2.4, 9.6 Hz, 1H), 3.19 (d,= 1.6 Hz, 1H), 1.14-0.97
(m, 28H);**C NMR (100 MHz, CDGJ) 5 163.3, 150.7, 143.0, 102.4, 80.3, 74.3, 59.0,,516 4,
17.8, 17.7, 17.55, 17.53, 17.35, 17.27, 17.22, 17316, 13.5, 13.3, 12.7; MS (ESI) m/z
573.1326 [M+Na]; Found: C, 45.89; H, 6.99; N, 5.45. Calc. forHzsN.OsSeS;: C, 45.89; H,
6.97; N, 5.10%.
(+)-1-[3,50-(1,1,3,3-Tetraisopropyldisiloxane-1,3-diyl)-4-sabeD-ribofuranosyl]thymine

(13b).

White foam; Yield: 69%; d]p?° +12.70 € 7.78, CHCL,); UV (CH,Cl,) Amax 271 nm;*H NMR
(400 MHz, CDC}) & 8.63 (brs, 1H), 7.71 (d,= 1.2 Hz, 1H), 6.11 (d] = 1.6 Hz, 1H), 4.28 (dd,
J= 3.6, 9.2 Hz, 1H), 4.22-4.11 (m, 2H), 4.04-4.00 (iH), 3.92-3.89 (m, 1H), 2.91 (brs, 1H),
1.90 (d,J=1.2 Hz, 3H), 1.15-0.99 (m, 28HYC NMR (100 MHz, CDG)) § 163.7, 150.6, 138.1,
111.4, 80.2, 74.8, 59.1, 56.9, 46.9, 17.7, 17.6%,117.5, 17.4, 17.3, 17.2, 17.1, 13.6, 13.5,
13.1, 12.7, 12.6; MS (ESI) m/z 587.1504 [M+Ndjound: C, 46.76; H, 7.32; N, 5.01. Calc. for
CoHioN,OsSeSh: C, 46.88; H, 7.15; N, 4.97%.
(+)-5-Fluoro-1-[3,50-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-sabeD-
ribofuranosyl]uraci(130).

White foam; Yield: 60%; ] +21.48 € 2.91, CHCL,); UV (CH,CL,) Amax 272 nm;'H NMR
(400 MHz, CDC}) 5 8.31 (d,J = 6.4 Hz, 1H), 6.04 (s, 1H), 4.32 (dil= 3.2, 9.2 Hz, 1H), 4.22
(d,J = 3.2 Hz, 1H), 4.14 (dd] = 3.2, 12.8 Hz, 1H), 4.02 (dd,= 1.6, 12.8 Hz, 1H), 3.89 (m,
1H), 1.14-0.98 (m, 28H)?*C NMR (100 MHz, CDGCJ) 5 156.9 (dJ = 27.3 Hz), 149.2, 140.0 (d,
J = 237.9 Hz), 127.2 (dl = 35.3 Hz), 80.3, 74.3, 58.8, 58.1, 46.8, 17.76177.5, 17.4, 17.3,
17.2, 17.1, 13.6, 13.5, 13.3, 12'% NMR (376 MHz, CDCJ) & -163.0 (d,J = 6.02 Hz); MS
(ESI) m/z 569.1416 [M+H] Found: C, 44.13; H, 6.34; N, 4.76. Calc. fogH,FN,OsSeSi: C,

44.43; H, 6.57; N, 4.93%.



(-)-5-Chloro-1-[3,50-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-sabeD-

ribofuranosyljuracil 13d).

White foam; Yield: 78%; q]p*° -4.61 € 6.77, CHCI,); UV (CH,Cl,) Amayx 281 nm;'H NMR
(400 MHz, CDC}) 8 9.62 (brs, 1H), 8.34 (s, 1H), 6.05 (ds 1.6 Hz, 1H), 4.33 (ddl = 3.6, 9.6
Hz, 1H), 4.23 (dJ = 2.4 Hz, 1H), 4.14 (dd] = 3.2, 13.2 Hz, 1H), 4.02 (dd,= 2.0, 13.2 Hz,
1H), 3.93 (dt,J = 3.2, 9.6 Hz, 1H), 3.35 (brs, 1H), 1.14-0.98 (mHP8"*C NMR (100 MHz,
CDCly) 6 159.0, 149.9, 139.5, 109.5, 80.1, 74.4, 58.7, /54, 17.8, 17.7, 17.6, 17.5, 17.4,
17.3, 17.2, 17.1, 13.6, 13.5, 13.2, 12.7; Found:48,58; H, 6.08; N, 4.43. Calc. for
C.1H3/CIN,OsSeSh: C, 43.18; H, 6.38; N, 4.80%.
(-)-5-Bromo-1-[3,50-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-g@beDd-
ribofuranosyl]uraci(13e.

White foam; Yield: 76%; d]p?° -20.36 ¢ 4.70, CHCL,); UV (CH,Cl,) Amax 283 nm:'H NMR
(400 MHz, CDC}) § 9.7 (brs, 1H), 8.41 (s, 1H), 6.04 (s, 1H), 4.38, @= 3.4, 9.4 Hz, 1H),
4.23 (d,J = 2.4 Hz, 1H), 4.14 (dd] = 3.0, 13.0 Hz, 1H), 4.02 (dd,= 2.0, 13.2 Hz, 1H), 3.96-
3.92 (m, 1H), 3.42 (brs, 1H), 1.15-0.99 (m, 28HjC NMR (100 MHz, CDGJ) § 159.1, 150.2,
142.1, 97.3, 80.0, 74.5,58.7,57.9, 47.1, 17.8,1077.7, 17.5,17.4, 17.3, 17.2, 17.1, 13.6, 13.5,
13.3, 12.7; Found: C, 40.01; H, 5.65; N, 4.77. Chdc C,;H3/;BrN,OsSeS): C, 40.13; H, 5.93;
N, 4.46%.
(-)-5-lodo-1-[3,50-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-sabeD-ribofuranosylluracil
(131).

White foam; Yield: 87%; ]5*°-46.9, € 0.60, CHCl,); UV Anax (CH;OH) 292 nm!H NMR
(400 MHz, CDC}) 6 8.92 (s, 1H), 8.37 (s, 1H), 6.06 @z 1.6 Hz, 1H), 4.39 (dd] = 3.6, 9.2
Hz, 1H), 4.21 (tJ = 1.6 Hz, 1H), 4.15-4.00 (m, 2H), 3.94-3.91 (m, 1RP4 (d,J = 2.0 Hz,

1H), 1.17-1.01 (m, 28H):*C NMR (100 MHz, CDGCJ) 5 159.9, 150.2, 146.9, 80.2, 74.9, 68.8,



59.0, 57.1, 47.4, 18.03, 18.00, 17.7,17.5, 1778,117.2, 17.1, 13.6, 13.5, 13.3, 12.7; Found: C,

37.73; H, 5.12; N, 3.87. Calc. forfi3;IN,0sSeS): C, 37.34; H, 5.52; N, 4.15%.

General procedure for the synthesid4dandl14c-14f

To a solution of compounti3a, 13c-13fin dichloromethane were added benzoyl chloride51.
equiv.) and tetrabutylammonium bromide (0.3 equit.joom temperature and the mixture was
stirred at the same temperature for 15 h. The maxteas diluted with dichloromethane and the
organic layer was washed with water, brine, drigdrdMgSQ, filtered and evaporated under
reduced pressure. The residue was purified byasgjel column chromatography (hexane:ethyl

acetate = 3:1) to givkdaandl4c-14f

(+)-N*-Benzoyl-1-[3,50-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-sabeD-
ribofuranosyl]uraci(144).

White foam; Yield: 82%;d]p*° +22.64 € 2.08, CHCL,); UV (CH,CL,) Amax 255 nm;'H NMR
(400 MHz, CDC}) 5 8.26 (d,J = 8.0 Hz, 1H), 7.90 (d] = 1.6 Hz, 2H), 7.66 () = 1.2 Hz, 1H),
7.50 (t,J = 1.6 Hz, 2H), 6.06 (s, 1H), 5.83 (@i= 8.4 Hz, 1H), 4.41 (d] = 3.6 Hz, 1H), 4.24 (t,
J= 2.0 Hz, 1H), 4.16-4.02 (m, 2H), 3.87 (= 2.4 Hz, 1H), 2.68 (s, 1H), 0.96-1.15 (m, 28H);
*C NMR (100 MHz, CDG)) § 168.5, 162.1, 149.5, 142.5, 135.4, 131.5, 13®29,4, 102.3,
80.4, 74.4, 59.1, 57.6, 46.6, 17.6, 17.5, 17.43,177.2, 17.1, 13.6, 13.5, 13.3, 12.7; MS (ESI)
m/z 759.2037 [M+H] Found: C, 51.23; H, 6.56; N, 4.33. Calc. fogH,N,O,SeSi: C, 51.44;
H, 6.48; N, 4.28%.
(+)-N*-Benzoyl-5-fluoro-1-[3,59-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-sebeD-
ribofuranosyl]uraci(14q).

White foam; Yield: 42%;d]p*° +47.17 € 1.13, CHCL,); UV (CH,CL,) Amax 272 nm;'H NMR



(400 MHz, CDC}) § 8.25 (d,J = 6.4 Hz, 1H), 8.07-8.04 (m, 2H), 7.61-7.56 (m, 1H}8-7.44
(m, 2H), 6.16 (tJ = 1.2 Hz, 1H), 5.70 (d] = 1.6 Hz, 1H), 4.51 (dd] = 3.6, 10.0 Hz, 1H), 4.18
(dd,J = 2.0, 3.2 Hz, 1H), 4.06 (d, = 12.8 Hz, 1H), 3.97 (d) = 1.6 Hz, 1H), 1.16-0.89 (m,
28H); °C NMR (100 MHz, CDGJ) 6 164.8, 156.7 (d) = 26.9 Hz), 148.7, 140.2 (d,= 238.4
Hz), 133.6, 130.1, 129.7, 128.7, 126.6J¢ 35.0 Hz), 79.5, 73.4, 58.2, 55.8, 47.7, 17.76 17.
17.5,17.4,17.2,17.1, 17.0, 13.6, 13.4, 13.38;1% NMR (376 MHz, CDG)) § -162.7 (dJ =
6.02 Hz); MS (ESI) m/z 695.1492 [M+NaFound: C, 49.90; H, 6.55; N, 3.87. Calc. for
CogHaFN,O;SeSj: C, 50.06; H, 6.15; N, 4.17%.
(+)-N*-Benzoyl-5-chloro-1-[3,%9-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-saben-
ribofuranosyl]uraci(14d).

White foam; Yield: 45%; ]p>° +5.15 € 5.24, CHCL,); UV (CH,Cl5) Amax 283 nm;'H NMR
(400 MHz, CDC}) & 8.38 (s, 1H), 7.90-7.88 (m, 2H), 7.69-7.65 (m, 1Fp2-7.48 (m, 2H),
6.05 (d,J = 1.6 Hz, 1H), 4.41 (dd) = 3.6, 9.2 Hz, 1H), 4.25-4.23 (m, 1H), 4.13 (d& 3.2,
13.2 Hz, 1H), 4.03 (dd] = 2.4, 12.8 Hz, 1H), 3.89 (di,= 2.4, 9.2 Hz, 1H), 2.72 (d,= 2.4 Hz,
1H), 1.15-0.99 (m, 28H)}*C NMR (100 MHz, CDGCJ) § 167.3, 157.9, 148.7, 139.1, 135.6,
131.1, 130.8, 129.5, 109.2, 80.2, 74.6, 58.8, 9¥/&, 17.7, 17.6, 17.5, 17.4, 17.3, 17.2, 17.1,
13.6, 13.5, 13.2, 12.7; Found: C, 48.88; H, 6.40;3M8. Calc. for GH,,CIN,O;SeSj: C,
48.87; H, 6.00; N, 4.07%.
(-)-N*-Benzoyl-5-bromo-1-[3,%3-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-seben-
ribofuranosyljuraci(14e).

White foam; Yield: 43%; {]p*° -6.65 € 3.91, CHCI,); UV (CH,Cl,) Amax 286 nm;'H NMR
(400 MHz, CDC}) & 8.43 (s, 1H), 7.90-7.88 (m, 2H), 7.69-7.64 (m, 1Ap2-7.48 (m, 2H),
6.06 (d,J = 1.6 Hz, 1H), 4.42 (dd) = 3.6, 8.8 Hz, 1H), 4.25-4.23 (m, 1H), 4.13 (d& 3.2,

12.8 Hz, 1H), 4.03 (dd] = 2.8, 13.2, 1H), 3.89 (df = 2.8, 9.2 Hz, 1H), 2.67 (d,= 2.4 Hz,



1H), 1.16-1.02 (m, 28H)"*C NMR (100 MHz, CDGJ) & 167.4, 157.9, 148.9, 141.6, 135.6,
131.1, 130.7, 129.4, 96.9, 80.2, 74.7, 58.9, 54743, 17.8, 17.6, 17.5, 17.4, 17.3, 17.2, 17.1,
13.6, 13.5, 13.2, 12.7; Found: C, 45.99; H, 5.54;3166. Calc. for GH.BrN,O;SeSj: C,

45.90; H, 5.64; N, 3.82%.

(-)-N3-Benzoyl-5-iodo-1-[3,59-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-ssteD-
ribofuranosyl]uracil 14f).

White foam; Yield: 41%; d]p?° -27.16 € 0.67, CHCL,); UV (CH,Cl,) Amax 288 nm:'H NMR
(400 MHz, CDCY) 6 8.45 (s, 1H), 7.90-7.88 (m, 2H), 7.68-7.64 (m, 1Ap2-7.48 (m, 2H),
6.07 (d,J = 2.0 Hz, 1H), 4.44 (dd] = 9.2, 4.0 Hz, 1H), 4.24 (dd,= 2.0, 3.6 Hz, 1H), 4.16-
4.09 (m, 1H), 4.03 (dd] = 2.8,12.8 Hz, 1H), 3.91 (di,= 2.8, 8.8 Hz, 1H), 1.16-1.04 (m, 28H);
¥C NMR (100 MHz, CDGJ)  167.6, 158.9, 149.3, 146.5, 135.6, 131.1, 13(28.5, 80.3,
74.9, 68.5, 59.1, 57.0, 47.5, 18.0, 17.7, 17.55177.3, 17.2, 17.1, 13.7, 13.6, 13.3, 12.8;
Found: C, 43.33; H, 5.34; N, 3.34. Calc. fog;;IN,O;SeSj: C, 43.13; H, 5.30; N, 3.59%.
(+)-N*-Benzoyl-1-[3,50-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-seteD-
ribofuranosyl]thyming14b).

To a solution of compound3b (1.0 g, 1.8 mmol) in dichloromethane were addedzbgl
chloride (0.23 mL, 1.6 mmol) and triethylamine @3L, 2.4 mmol) at 6C and the mixture
was allowed to stir at room temperature for 15He Mmixture was diluted with dichloromethane
and the organic layer was washed with Q.HCI, saturated aqueous NaH¢ @ater and brine,
dried over MgSQ filtered and evaporated under reduced pressine rdsidue was purified by
silica gel column chromatography (hexane:ethylaeet 5:1) to givd.4b as a white foam (969
mg, 79%; f]p*° +0.78 € 4.73, CHCL,); UV (CH.Cl,) Amax 271 nm;'H NMR (400 MHz,

CDCl,) & 7.91-7.85 (m, 2H), 7.66-7.62 (m, 1H), 7.50-7.47 @H), 6.11 (dJ = 1.6 Hz, 1H),



4.48 (dd,J = 3.6, 8.8 Hz, 1H), 4.254-4.245 (m, 1H), 4.13 (did; 3.6, 13.2 Hz, 1H), 4.03 (dd,

= 2.4,12.8 Hz, 1H), 3.88 (dl,= 2.8, 8.8 Hz, 1H), 2.66 (d,= 2.4 Hz, 1H), 1.95 (d] = 0.8 Hz,
3H), 1.15-1.01 (m, 28H)*C NMR (100 MHz, CDCJ) § 168.8, 162.8, 149.6, 137.7, 135.2,
131.7, 130.6, 129.3, 111.5, 80.2, 74.9, 59.3, 567N, 17.7, 17.6, 17.61, 17.5, 17.4, 17.3, 17.2,
17.1, 13.6, 13.5, 13.1, 12.8, 12.7; MS (ESI) m/2.6943 [M+Na]; Found: C, 51.98; H, 6.34;

N, 3.99. Calc. for @H.N,0O,;SeS): C, 52.16; H, 6.64; N, 4.19%.

General procedure for the synthesid 6&-15f

To a solution of compoundl4a-14f (1 equiv.) and triphenylphosphine (3 equiv.) in
tetrahydrofuran were added diethyl azodicarboxy(@tequiv.) and diphenylphosphoryl azide
(3 equiv.) at @C and the mixture was allowed to stir at room terapge for 4 h. After adding
EtOH, the mixture was evaporated under reducedspresThe residue was purified by silica

gel column chromatography (hexane:ethyl acetatd Ft6 givel5a-15f

(-)-N*-Benzoyl-1-[2-azido-2-deoxy-3,6-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-sadbe
D-arabinofuranosyl]urac{{15a).

White foam; Yield: 51%;d]p2° -36.85 € 0.89, CHCI,); UV (CH,CL,) Amax 265 nm; IR (KBr)
2116 crit(N3); *H NMR (400 MHz, CDCY)) § 8.18 (d,J = 8.0 Hz, 1H), 7.99-7.96 (m, 2H), 7.67-
7.63 (M, 1H), 7.52-7.48 (m, 2H), 6.41 (ts 6.8 Hz, 1H), 5.82 (d) = 8.4 Hz, 1H), 4.23 (dd]

= 3.2, 13.2 Hz, 1H), 4.14 (d,= 5.2 Hz, 1H), 4.06 (dd] = 6.4, 10.8 Hz, 1H), 3.95 (dd= 1.2,
13.2 Hz, 1H), 3.47-3.44 (m, 1H), 1.18-1.04 (m, 28HE NMR (100 MHz, CDG)) § 168.3,
162.1, 150.4, 142.5, 135.3, 131.5, 130.7, 129.2,20/4.4, 70.8, 58.9, 49.8, 43.8, 17.7, 17.6,
17.5,17.4,17.20, 17.2, 17.0, 13.9, 13.5, 13.4;14S (ESI) m/z 674.1871 [M+N§&]Found: C,

49.99; H, 6.21; N, 10.00. Calc. fopdEl;1Ns0sSeSh: C, 49.54; H, 6.09; N, 10.32%.



(+)-N*-Benzoyl-1-[2-azido-2-deoxy-3,6-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-sade
D-arabinofuranosyl]thyminglL5b).

White foam; Yield: 52%:; §]p%° +10.50 € 2.02, CHCL,); UV (CH,Cl5) Amax 255 nm; IR (KBr)
2114 cnt (N3); '"H NMR (400 MHz, CDCJ) & 7.97-7.95 (m, 1H), 7.81 (d, = 1.2 Hz, 1H),
7.66-7.62 (m, 1H), 7.52-7.47 (m, 2H), 6.48 J& 7.6 Hz, 1H), 4.24-4.19 (m, 2H), 4.12 (M=
1.6 Hz, 1H), 4.03 (dd] = 7.2, 10.4 Hz, 1H), 3.95 (dd= 2.0, 13.2 Hz, 1H), 3.48-3.45 (m, 1H),
1.96 (s, 3H), 1.30-1.03 (m, 28H); MS (ESI) m/z @842 [M-HJ; Found: C, 50.45; H, 6.21; N,
9.99. Calc. for GgH43NsOsSeS): C, 50.27; H, 6.26; N, 10.11%.
(+)-N*-Benzoyl-5-fluoro-1-[2-azido-2-deoxy-36-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-
4-selenop-arabinofuranosyljurac{l15c).

White foam; Yield: 46%;{]p?° +12.39 ¢ 2.26, CHCL,); UV (CH,Cl5) Amax 256 nm; IR (KBr)
2117 cnt (N3); *H NMR (400 MHz, CDC)) § 8.27 (d,J = 6.4 Hz, 1H), 7.98-7.96 (m, 2H),
7.70-7.66 (m, 1H), 7.53-7.49 (m, 2H), 6.39 ¢ 6.8 Hz, 1H), 4.23 (dd] = 3.2, 13.2 Hz, 1H),
4.14 (d,J = 9.6 Hz, 1H), 4.06 (dd] = 6.8, 10.8 Hz, 1H), 3.95 (d,= 13.2 Hz, 1H), 3.47-3.43
(m, 1H), 1.19-1.01 (m, 28H}*C NMR (100 MHz, CDGJ) § 150.7, 150.6, 135.6, 131.1, 130.8,
130.1, 129.5, 126.5, 125.8, 120.4, 120.3, 74.5/,88.6, 50.1, 44.2, 17.7, 17.6, 17.5, 17.2, 17.1,
13.9, 13.5, 13.4, 12.8F NMR (376 MHz, CDCJ) & -157.6 (d,J = 4.89 Hz); MS (ESI) m/z
698.1743 [M+H]; Found: C, 48.43; H, 5.99; N, 10.08. Calc. fegHGFNsOsSeSi: C, 48.27; H,
5.79; N, 10.05%.
(+)-N*-Benzoyl-5-chloro-1-[2-azido-2-deoxy-3(+1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-
4-selenob-arabinofuranosyljurac{15d).

White foam; Yield: 37%:; d]p*° +9.19 € 1.85, CHCI,); UV (CH,CL,) Amax 284 nm; IR (KBr)
2114 crt (N3); *H NMR (400 MHz, CDC)) 6 8.27 (s, 1H), 7.97-7.94 (m, 2H), 7.69-7.65 (m,

1H), 7.53-7.49 (m, 2H), 6.43 (d,= 7.2 Hz, 1H), 4.22 (dd] = 3.2, 13.2 Hz, 1H), 4.16 (§,=



10.4 Hz, 1H), 4.04 (dd] = 7.2, 10.8 Hz, 1H), 3.95 (dd,= 1.6, 13.2 Hz, 1H), 3.48-3.45 (m,
1H), 1.17-1.05 (m, 28H)**C NMR (100 MHz, CDGJ) 5 167.1, 157.9, 149.6, 138.9, 135.6,
131.1, 130.8, 129.5, 109.2, 75.2, 70.6, 58.6, M6, 17.9, 17.7, 17.6, 17.4, 17.2,17.1, 17.07,
13.9, 13.5, 13.4, 12.8; Found: C, 47.17; H, 5.89;9M8. Calc. for gH4CINsOsSeS): C,
47.15; H, 5.65; N, 9.82%.
(-)-N3-Benzoyl-5-bromo-1-[2-azido-2-deoxy-3(<1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-
4-selenob-arabinofuranosyl]urac{l5e.

White foam; Yield: 35%: d]p?° -10.00 € 0.30, CHCl,); UV (CH,Cl,) Amax 285 nm; IR (KBr)
2115 cnt (N3); *H NMR (400 MHz, CDC)) 6 8.33 (s, 1H), 7.96-7.94 (m, 2H), 7.69-7.65 (m,
1H), 7.53-7.49 (m, 2H), 6.44 (d,= 7.2 Hz, 1H), 4.22 (dd] = 3.2, 13.2 Hz, 1H), 4.16 (§,=
10.4 Hz, 1H), 4.03 (dd] = 7.2, 10.4 Hz, 1H), 3.95 (dd,= 1.6, 13.2 Hz, 1H), 3.49-3.45 (m,
1H), 1.25-1.05 (m, 28H)*C NMR (100 MHz, CDGJ) 5 167.2, 157.9, 149.8, 141.5, 135.6,
131.1, 130.8, 129.5, 96.9, 75.5, 70.6, 58.8, 49448, 18.0, 17.8, 17.7, 17.6, 17.2, 17.1, 17.1,
13.9, 13.5, 13.4, 12.8; Found: C, 44.44; H, 5,56;88. Calc. for gH,BrNsOsSeSj: C,
44.39; H, 5.32; N, 9.24%.
(-)-N3-Benzoyl-5-iodo-1-[2-azido-2-deoxy-36-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-
selenop-arabinofuranosyllurac{15f).

White foam; Yield: 32%: d]p?° -31.74 € 0.92, CHCl,); UV (CH,Cl,) Amax 289 nm; IR (KBr)
2116 cnt (N3); *H NMR (400 MHz, CDCJ) & 8.37 (s, 1H), 7.95-7.93 (m, 2H), 7.68-7.64 (m,
1H), 7.52-7.48 (m, 2H), 6.43 (d,= 7.2 Hz, 1H), 4.21 (dd] = 2.8, 13.2 Hz, 1H), 4.18 (§,=
10.0 Hz, 1H), 4.03 (ddl = 7.2, 10.4 Hz, 1H), 3.96 (dd,= 2.8, 13.2 Hz, 1H), 3.47 (di,= 2.8,

9.2 Hz, 1H), 1.16-1.02 (m, 28H*C NMR (100 MHz, CDGJ)) § 167.4, 158.8, 150.1, 146.5,
135.5, 131.1, 130.7, 129.5, 75.9, 70.6, 68.3, 5911, 44.9, 18.2, 17.9, 17.7, 17.6, 17.2, 17.2,

17.1, 13.9, 13.6, 13.4, 12.8; Found: C, 41.65; A15N, 8.30. Calc. for £H4INs0sSeSh: C,



41.79; H, 5.01; N, 8.70%.

General procedure for the synthesid 6&-16f

To a solution of compound5a-15f (1 equiv.) in tetrahydrofuran were added 3EEN (3
equiv.) and triethylamine (3 equiv.) at’O. After being stirred at the same temperature3fbr
minutes, the reaction mixture was allowed to waomroom temperature and stirred for
additional 30 minutes. The reaction mixture waspevated under reduced pressure and the
residue was purified by silica gel column chromaapdy (dichloromethane:ethyl

acetate:methanol = 10:10:1) to giléa-16f

(+)-N*-Benzoyl-1-(2-azido-2-deoxy-4-selemearabinofuranosyl)uraci|16a).

White foam; Yield: 80%: d]p?° +33.58 € 0.67, CHOH); UV (CH,CL,) Amax 255 nm; IR (KBr)
2116 cni (N3); *H NMR (400 MHz, CROD) & 8.50 (d,J = 8.4 Hz, 1H), 7.98-7.96 (m, 2H),
7.74-7.70. (m, 1H), 7.57-7.53 (m, 2H), 6.40 & 6.4 Hz, 1H), 5.90 (d) = 8.4 Hz, 1H), 4.19
(dd,J = 6.8, 10.4 Hz, 1H), 4.08-4.01 (m, 2H), 3.93 (dd 5.6, 11.6 Hz, 1H), 3.56-3.51 (m,
1H); *C NMR (100 MHz, CROD) & 169.8, 164.1, 151.6, 145.8, 136.4, 132.8, 13130,5]
102.1, 76.7, 73.2, 62.5, 52.4, 47.6; MS (ESI) n§@.8140 [M+Na]; Found: C, 43.98; H, 3.87;
N, 16.00. Calc. for GH1sNsOsSe: C, 44.05; H, 3.47; N, 16.05%.
(-)-N3-Benzoyl-1-(2-azido-2-deoxy-4-selemearabinofuranosyl)thyminé&l6b).

White foam, Yield: 82%;d]»?° -11.49 € 1.14, CHOH); UV (CH,CL,) Amax 255 nm; IR (KBr)
2113 cnt (N3); *H NMR (400 MHz, CRQOD) & 8.47 (s, 1H), 7.97-7.95 (m, 2H), 7.75-7.70 (m,
1H), 7.58-7.53 (m, 2H), 6.37 (d,= 6.4 Hz, 1H), 4.20 (dd] = 6.4, 10.4 Hz, 1H), 4.12 (dd,=
8.4, 10.0 Hz, 1H), 3.97 (d} = 4.0 Hz, 2H), 3.54-3.50 (m, 1H), 1.95 (s, 3HC NMR (100

MHz, CD;0OD) 6 170.0, 164.7, 151.6, 141.6, 136.4, 132.9, 13138,41 111.0, 76.3, 73.4, 61.7,



52.4,47.4,12.5; MS (ESI) m/z 452.0470 [M+Hfound: C, 45.43; H, 3.87; N, 15.56. Calc. for
C,7H17/NsOsSe: C, 45.34; H, 3.81; N, 15.55%.
(+)-5-Benzoyl-5-fluoro-1-(2-azido-2-deoxy-4-selenearabinofuranosyl)uraci|16c).

White foam; Yield: 84%; d]p?° +8.85 € 2.18, CHOH); UV (CH:Cl,) Amax 254 nm; IR (KBr)
2116 cnt (N3); *H NMR (400 MHz, CRQOD) § 8.87 (d,J = 7.2 Hz, 1H), 8.01-7.99 (m, 2H),
7.77-7.73 (m, 1H), 7.60-7.55 (m, 2H), 6.37 Jd; 6.4 Hz, 1H), 4.21 (dd] = 6.4, 10.4 Hz, 1H),
4.13-4.07 (m, 1H), 4.00-3.92 (m, 2H), 3.54-3.50 (th); *C NMR (100 MHz, CROD) &
168.5, 157.8 (d) = 28.2), 150.2, 140.5 (d,= 233.6 Hz), 136.7, 132.5, 131.6, 130.5, 130.0 (d,
J=35.9 Hz), 76.2, 73.3, 61.5, 53.2, 47.5; MS (ESK #78.0037 [M+Na} Found: C, 42.32;
H, 3.51; N, 15.82. Calc. for,gH1.FNsOsSe: C, 42.30; H, 3.11; N, 15.42%.
(-)-N3-Benzoyl-5-chloro-1-(2-azido-2-deoxy-4-selenarabinofuranosyl)uraci|16d).

White foam; Yield: 78%:d]p?° -32.44 € 0.41, CHOH); UV (CH;OH) Amax 282 nm; IR (KBr)
2110 cm'(N3); *H NMR (400 MHz, CROD) & 9.03 (s, 1H), 8.01-8.98 (m, 2H), 7.77-7.73 (m,
1H), 7.60-7.56 (m, 2H), 6.37 (d,= 6.4 Hz, 1H), 4.23 (dd] = 6.4, 10.4 Hz, 1H), 4.08 (dd=
1.2, 8.8 Hz, 1H), 3.98 (dd,= 4.0, 12.0 Hz, 1H), 3.92 (dd,= 2.8, 11.6 Hz, 1H), 3.55-3.51 (m,
1H); *C NMR (100 MHz, CROD) & 168.7, 159.9, 150.7, 142.9, 136.7, 132.5, 13136,5],
108.5, 76.0, 73.3, 61.1, 53.4, 47.5; Found: C, Z0.4, 3.40; N, 14.80. Calc. for
Ci1eH14CINsOsSe: C, 40.82; H, 3.00, N, 14.88%.
(-)-N3-Benzoyl-5-bromo-1-(2-azido-2-deoxy-4-selema@rabinofuranosyl)uraci{166.

White foam; Yield: 80%:; d]p?° -20.00 € 0.18, CHOH); UV (CH;OH) Amax 285 nm; IR (KBr)
2113 cnt (N3); *H NMR (400 MHz, CROD) § 9.12 (s, 1H), 8.00-7.97 (m, 2H), 7.76-7.72 (m,
1H), 7.59-7.55 (m, 2H), 6.36 (d,= 6.4 Hz, 1H), 4.22 (dd] = 6.4, 10.4 Hz, 1H), 4.09 (dd=
9.2, 10.4 Hz, 1H), 3.97 (dd,= 3.6, 11.6 Hz, 1H), 3.91 (dd= 2.8, 11.6 Hz, 1H), 3.55-3.51 (m,

1H); *C NMR (100 MHz, CROD) & 168.9, 159.9, 150.9, 145.4, 136.6, 132.5, 13136,5],



95.9, 75.9, 73.4, 60.9, 53.4, 47.4; Found: C, 37.B3 2.74; N, 13.19. Calc. for
CieH14BrNsOsSe: C, 37.30; H, 2.74; N, 13.59%.
(-)-N3-Benzoyl-5-iodo-1-(2-azido-2-deoxy-4-selenearabinofuranosyl)uraci|16f).

White foam; Yield: 73%: d]p?° -57.33 € 0.15, CHOH); UV (CH;OH) Amax 289 nm; IR (KBr)
2114 cnt (N3); *H NMR (400 MHz, CROD) & 9.15 (s, 1H), 7.99-7.96 (m, 2H), 7.76-7.72 (m,
1H), 7.59-7.55 (m, 2H), 6.34 (d,= 6.4 Hz, 1H), 4.22 (dd] = 10.4, 6.0 Hz, 1H), 4.08 (dd,=
10.4, 8.8 Hz, 1H), 3.97 (dd,= 12.0, 4.0 Hz, 1H), 3.91 (dd= 11.6, 2.8 Hz, 1H), 3.55-3.51 (m,
1H); ¥*C NMR (100 MHz, CROD) & 169.7, 161.1, 151.3, 150.4, 136.6, 132.5, 13136,5,
75.9, 73.5, 66.7, 60.9, 53.2, 47.4; Found: C, 341.8.50; N, 12.48. Calc. for,gH4NsOsSe:

C, 34.18; H, 2.51; N, 12.46%.

General procedure for the synthesis of 2'-azidbe®xy-4'-selenoarabinofuranosyl pyrimidines
3a-3f.

A solution of 16a-16fin saturated methanolic ammonia was stirred inagasgbomb at room
temperature for 15 h. Then all volatiles were evafeal under reduced pressure and the residue
was purified by silica gel column chromatographigiitbromethane: methanol = 10:h give

the corresponding deprotected compound as a 3dlid.was finally recrystallized from diethyl

ether/methanol to givea-3f.

(+)-1-(2-Azido-2-deoxy-4-selenb-arabinofuranosyl)uraci3a).

White solid; Yield: 77%; mp 164-17C; [0]p*° +35.16 € 2.23, CHOH); UV (CH,Cl,) Amax 264
nm; IR (KBr) 2119 crit (N3); *H NMR (400 MHz, CROD) & 8.28 (d,J = 8.0 Hz, 1H), 6.44 (d,
J= 6.8 Hz, 1H), 5.72 (d] = 8.4 Hz, 1H), 4.17 (dd] = 6.8, 10.4 Hz, 1H), 4.07-4.00 (m, 2H),

3.90 (dd,J = 6.0, 11.6 Hz, 1H), 3.55-3.51 (m, 1HfC NMR (100 MHz, CROD) & 166.1,



152.8, 145.6, 102.3, 76.8, 73.1, 62.8, 51.7, 4W13;(ESI) m/z 334.0049 [M+H] Found: C,
32.43; H, 3.12; N, 19.98. Calc. fopl€i;NsO.,Se: C, 32.54; H, 3.34; N, 21.08%.
(+)-1-(2-Azido-2-deoxy-4-selenp-arabinofuranosyl)thymin€3b).

White solid; Yield: 76%; mp 166-16€; [0]p>° +9.90 € 1.05, CHOH); UV (CH,CL,) Amax 269
nm; IR (KBr) 2113 crit (N3); *H NMR (400 MHz, CRQOD) & 8.22 (s, 1H), 6.40 (dl = 6.4 Hz,
1H), 4.18-4.09 (m, 2H), 3.96-3.94 (m, 2H), 3.548B{n, 1H), 1.88 (s, 3H)!*C NMR (100
MHz, CD,OD) & 166.4, 153.0, 141.3, 111.1, 76.5, 73.3, 62.0,,54765, 12.5; MS (ESI) m/z
348.0206 [M+H]; Found: C, 34.89; H, 3.99; N, 19.98. Calc. faptGNsO,Se: C, 34.69; H,
3.78; N, 20.23%.

(+)-1-(2-Azido-2-deoxy-4-selenb-arabinofuranosyl)-5-fluorourac{Bc).

White solid; Yield: 74%; mp 189-19C; [o]p*° +49.87 € 0.78, CHOH); UV (CH,CL,) Amax 271
nm; IR (KBr) 2119 crit (N3); *H NMR (400 MHz, CROD) § 8.61 (d,J = 7.2 Hz, 1H), 6.39 (dd,
J= 1.6, 6.4 Hz, 1H), 4.18 (dd,= 6.4, 10.4 Hz, 1H), 4.08 (dd,= 8.8, 10.0 Hz, 1H), 3.94 (d,

= 4.0 Hz, 2H), 3.53-3.48 (m, 1H}*C NMR (100 MHz, CQOD) & 151.6, 140.9 (dJ = 231.6
Hz), 129.4 (dJ = 34.9 Hz), 109.1 (dJ = 3.2 Hz), 76.3, 73.2, 61.8, 52.4, 47% NMR (376
MHz, CD;0OD) 6 -168.4 (dJ = 1.51 Hz); MS (ESI) m/z 373.9776 [M+NaFound: C, 30.47; H,
3.12; N, 20.40. Calc. for §B;;FNsO,Se: C, 30.87; H, 2.88; N, 20.00%.
(-)-1-(2-Azido-2-deoxy-4-selenp-arabinofuranosyl)-5-chlorouraqi8d).

White solid; Yield: 80%; mp 115-11T; [a]p*° -24.00 € 0.10, CHOH); UV (CH;OH) Amay 278
nm; IR (KBr) 2113 crit (N3); *H NMR (400 MHz, CRQOD) & 8.76 (s, 1H), 6.39 (dl = 6.4 Hz,
1H), 4.19 (dd,) = 6.4, 10.4 Hz, 1H), 4.07 (dd,= 8.4, 10.0 Hz, 1H), 3.97-3.89 (m, 2H), 3.54-
3.50 (m, 1H)*C NMR (100 MHz, CROD) & 161.5, 152.0, 142.5, 108.8, 76.2, 73.3, 61.4,,52.6
47.6; MS (ESI) m/z 389.9483 [M+Na] Found: C, 29.56; H, 2.77; N, 19.11. Calc. for

CoH1CINsO4Se: C, 29.48; H, 2.75; N, 19.10%.



(-)-1-(2-Azido-2-deoxy-4-selenp-arabinofuranosyl)-5-bromouradiBe).

White solid; Yield: 82%; mp 108-118; [a]p?° -45.70 € 0.42, CHOH); UV (CH;OH) Aax 282
nm; IR (KBr) 2113 crit (N3); *H NMR (400 MHz, CRQOD) & 8.86 (s, 1H), 6.38 (dl = 6.4 Hz,
1H), 4.18 (dd,) = 6.4, 10.0 Hz, 1H), 4.07 (dd,= 8.4, 10.0 Hz, 1H), 3.95-3.89 (m, 2H), 3.54-
3.50 (m, 1H);*C NMR (100 MHz, CROD) & 161.6, 152.2, 145.1, 96.4, 76.1, 73.3, 61.3, 52.6,
47.6; MS (ESI) m/z 449.8709 [M+K] Found: C, 26.34; H, 2.45; N, 16.89. Calc. for
CoH10BrNsO,Se: C, 26.30; H, 2.45; N, 17.04%.
(-)-1-(2-Azido-2-deoxy-4-selenp-arabinofuranosyl)-5-iodouradfBf).

White solid, 78%: mp 147-158; [0]p”™° -84.88 € 0.25, CHOH); UV (CH;OH) Amay 291 nm;

IR (KBr) 2113 cnt (N3); *H NMR (400 MHz, CRQOD) & 8.90 (s, 1H), 6.36 (dl = 6.4 Hz, 1H),
4.18 (dd,J = 6.4, 10.4 Hz, 1H), 4.05 (dd,= 8.8, 10.4 Hz, 1H), 3.92 (d,= 3.6 Hz, 2H), 3.52
(dt, J = 3.6, 8.4 Hz, 1H)**C NMR (100 MHz, CQOD) § 162.8, 152.7, 150.1, 76.1, 73.4, 67.7,
61.3, 52.4, 47.6; MS (ESI) m/z 481.8835 [M+Nafound: C, 23.98; H, 2.21; N, 15.21. Calc.

for CoH10INsO,Se: C, 23.60; H, 2.20; N, 15.29%.

General procedure for the synthesi®a{2'-anhydro nucleosiddsg-171

To a solution of compound3a-f (1 equiv.) and 4-dimethylaminopyridine (0.1 eqiin
dichloromethane were added triethylamine (4 eq@md methansufonyl chloride (2 equiv.) at
0 'C and the reaction mixture was stirred at same ¢eatpre for 30 min. The reaction was
quenched with saturated NaHg#&hd extracted with dichloromethane. The organiedayas
washed with saturated NaH@@®olution, brine, dried over MgSQfiltered and evaporated.
under reduced pressure. The residue was immediatdgd for next step without further
purification. To a solution of the residue in acetavas added 1,8-diazabicyclo[5.4.0Jundec-7-

ene (2 equiv.) at room temperature and the mixttae allowed to stir at room temperature for



45 min. The reaction mixture was concentrated umdduced pressure and the residue was
purified by flash silica gel column chromatogragldichloromethane:methanol = 30:1) to give

17g-171

(-)-2,2-Anhydro-1-[3,50-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-s@beD-
arabinofuranosyl]uracill(7g).

Pale yellow foam; Yield: 77%0]5*° -120.57; € 3.52, CHCl,); UV (CH,Cl,) Amax 256 nm;*H
NMR (400 MHz, CDC}) 5 7.17 (d,J = 7.6 Hz, 1H), 6.07 (dJ = 7.6 Hz, 1H), 5.84 (dJ = 8.0
Hz, 1H), 5.20 (tJ = 8.0 Hz, 1H), 4.45 (dd] = 8.0, 10.4 Hz, 1H), 4.13 (dd,= 2.4, 13.2 Hz,
1H), 3.87 (ddJ = 1.6, 13.2 Hz, 1H), 3.71-3.68 (m, 1H), 1.13-0.92 @aH); **C NMR (100
MHz, CDCkL) 6 171.7, 158.7, 135.0, 110.8, 87.5, 78.0, 57.4,, 4672, 17.4, 17.4, 17.3, 17.2,
17.2,17.04, 17.02, 14.0, 13.5, 12.7; MS (ESI) §32.1302 [M+H];.Found: C, 47.41; H, 6.43;
N, 5.07. Calc. for gH3eN.OsSeSj: C, 47.44; H, 6.83; N, 5.27%.
(-)-2,2-Anhydro-1-[3,50-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-s@beD-
arabinofuranosyl]thyminel{h).

Pale yellow foam; Yield: 85%u]p”° -155.86 ¢ 0.29, CHCI,); UV (CH,Cl,) Amax 260 nm;*H
NMR (400 MHz, CROD) & 7.03 (d,J = 1.2 Hz, 1H), 5.94 (d) = 7.6 Hz, 1H), 5.16 () = 8.0
Hz, 1H), 4.39 (g, = 7.8, 10.6 Hz, 1H), 4.07 (dd,= 2.6, 12.6 Hz, 1H), 3.82 (dd,= 1.6, 13.2
Hz, 1H), 3.65 (dJ = 10.0 Hz, 1H), 1.87 (dJ = 1.2 Hz, 3H), 1.17-0.91(m, 28H)*C NMR
(CDClg) 6 172.7, 158.5, 131.3, 119.3, 93.5, 78.2, 57.5,,586D, 17.3, 17.2, 17.1, 16.99, 16.96,
14.2, 13.8, 13.4, 12.61, 12.598@S (ESI) m/z 547.1580 [M+H]. Found: C, 48.43; H, 7.42; N,
5.03. Calc. for GH3gN,OsSeS): C, 48.42; H, 7.02; N, 5.13%.
(-)-2,2-Anhydro-5-fluoro-1-[3,50-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-sebeDd-

arabinofuranosyl]uracill(7i).



Pale yellow foam; Yield: 65%;u]p*° -147.76 € 8.33, CHCl,) UV (CH,CL,) Amax 235 nm;*H
NMR (400 MHz, CDC}) & 7.36 (d,J = 3.6 Hz, 1H), 6.02 (dJ = 8.0 Hz, 1H), 5.25 () = 8.0
Hz, 1H), 4.45 (dd) = 8.4, 10.0 Hz, 1H), 4.11 (d,= 13.0 Hz, 1H), 3.85 (d] = 12.8 Hz, 1H),
3.69 (d,J = 10.4 Hz, 1H), 1.10-0.92 (m, 28HYC NMR (100 MHz, CDG)) & 164.4 (d,J =
16.8 Hz), 156.2, 147.5 (d,= 254.6 Hz), 120.3 (d) = 36.5 Hz), 88.2, 77.8, 57.1, 52.3, 45.7,
17.1, 16.8, 13.7, 13.2, 12.4; MS (ESI) m/z 589.0p81K] *;.Found: C, 45.89; H, 6.03; N, 4.98.
Calc. for GiHasFN,OsSeSj: C, 45.89; H, 6.42; N, 5.10%;
(-)-2,2-Anhydro-5-chloro-1-[3,59-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-g&beD-
arabinofuranosyl]uracill(7j).

Pale yellow foam; Yield: 64%u]p° -200.68 ¢ 2.80, CHCI,); UV Amax (CH.CL,) 271 nm;*H
NMR (400 MHz, CDCY) 6 7.46 (s, 1H), 5.95 (dl = 8.0 Hz, 1H), 5.26 (t) = 8.0 Hz, 1H), 4.45
(q,J = 8.0, 10.4 Hz, 1H), 4.12 (dd,= 2.8, 13.2 Hz, 1H), 3.87 (dd,= 1.6, 13.2 Hz, 1H), 3.72
(d, J = 10.4 Hz, 1H), 1.12-0.91 (m, 28HJC NMR (100 MHz, CDGJ) 5 166.6, 157.8, 132.4,
118.9, 88.3, 78.1, 57.4, 52.2, 46.3, 17.4, 17.21,1¥7.0, 16.9, 13.9, 13.5, 12.6; Found: C,
44.56; H, 6.32; N, 4.88. Calc. forfi35CIN,OsSeS): C, 44.56; H, 6.23; N 4.95%.
(-)-2,2-Anhydro-5-bromo-1-[3,%9-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-s@beD-
arabinofuranosyl]uracill(7k).

Pale yellow foam; Yield: 72%u]p”° -180.28 ¢ 3.98, CHCI,); UV Amax (CH.CL,) 274 nm;*H
NMR (400 MHz, CDC}) § 7.59 (s, 1H), 5.97 (dl= 8.0 Hz, 1H), 5.26 (q] = 7.2, 14.4 Hz, 1H),
4.45 (q,J =8.0, 10.4 Hz, 1H), 4.12 (dd,= 2.8, 13.2 Hz, 1H), 3.86 (dd,= 1.6, 13.2 Hz, 1H),
3.73-3.69 (m, 1H), 1.11-0.91 (m, 28HJC NMR (100 MHz, CDGJ) & 166.5, 158.2, 135.0,
108.3, 88.3, 78.1, 57.4, 52.1, 46.3, 17.4, 17.21,1%7.03, 17.0, 14.0, 13.5, 12.7; Found: C,
41.21; H, 5.88; N, 4.19. Calc. forfE3sBrN,OsSeSj: C, 41.31; H, 5.78; N 4.59%.

(-)-2,2-Anhydro-5-iodo-1-[3,59-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)-4-sebeD-



arabinofuranosyluracill(7l).

Yellowish foam; Yield: 80%; ]p *°-237.33 ¢ 1.20, CHCL,); UV Amay (CH,Cl,) 281 nm;'H
NMR (400 MHz, CDC)) & 7.67 (s, 1H), 5.88 (d] = 12.0 Hz, 1H), 5.23 (t) = 7.8 Hz, 1H),
4.46 (q,J = 8.0, 10.4 Hz, 1H), 4.13 (dd,= 2.8, 13.2 Hz, 1H), 3.93 (dd,= 1.6, 13.2 Hz, 1H),
3.74-3.70 (m, 1H), 1.12-0.92 (m, 28HJC NMR (100 MHz, CDGJ) & 167.7, 158.9, 140.0,
88.2, 82.9, 78.0, 57.4, 51.8, 46.4, 17.4, 17.31,177.04, 17.01, 14.0, 13.5, 12.7; Found: C,

38.67; H, 5.77; N, 4.06. Calc. forfl35IN,0OsSeSp: C, 38.36; H, 5.37; N 4.26%.

General procedure for the synthesis of 2,2'-anhpdibeoside4d.8g-18l.

To a solution 0fl7g-171 (1 equiv.) in tetrahydrofuran were added 3EN (3 equiv.) and
triethylamine (3 equiv.) at 6C. After being stirred at the same temperature3fdmin, the
reaction mixture was allowed to warm to room terap@e and stirred for additional 1 h. The
reaction mixture was concentrated and the residaes yurified by silica gel column

chromatography (dichloromethane:methanol = 7:Djive 18g-18l

(-)-2,2-Anhydro-1-(4-selenm-arabinofuranosyl)uracitl8g).

White solid; Yield: 69%: mp 262-26%&; [a]p*° -154.08 ¢ 1.30, CHOH+H,0); UV (MeOH)
Amax 259 nm;*H NMR (400 MHz, CROD) § 7.74 (d,J = 0.4 Hz, 1H), 6.35 (d] = 7.2 Hz, 1H),
6.09 (d,J = 7.6 Hz, 1H), 5.44 (dd] = 2.4, 7.2 Hz, 1H), 4.86 (§,= 2.6 Hz, 1H), 3.88-3.84 (m,
1H), 3.70-3.59 (m, 2H)**C NMR (100 MHz, CROD) & 210.0, 139.2, 110.3, 94.2, 81.1, 64.9,
62.1, 56.2, 30.8; MS (ESI) m/z 290.9888 [M+HFound: C, 37.34; H, 3.76; N, 9.99. Calc. for
CoH1oN20,Se: C, 37.38; H, 3.49; N 9.69%.
(-)-2,2-Anhydro-1-(4-selenop-arabinofuranosythymine (L8h).

White solid; Yield: 76%; mp 125-13T; [a]p?° -219.68 ¢ 0.16, CHOH); UV (CHOH) Amax



262 nm;*H NMR (400 MHz, CROD) & 7.66 (d,J = 1.2 Hz, 1H), 6.38 (dJ = 7.2 Hz, 1H),
5.47-5.44 (m, 1H), 4.85-4.84 (m, 1H), 3.88-3.83 (iH), 3.70-3.57 (m, 2H), 1.94 (s, 3KIC
NMR (100 MHz, CRQOD) 6 174.8, 159.9, 134.9, 119.9, 94.0, 81.0, 64.9,,68862, 14.0; MS
(ESI) m/z 305.0045 [M+H]}.Found: C, 39.65; H, 4.23; N, 9.43. Calc. foipk.N,O,Se: C,
39.62; H, 3.99; N 9.24%.

(-)-2,2-Anhydro-5-fluoro1-(4-selenob-arabinofuranosyracil (18i).

White solid; Yield: 79%; mp 164-17C; [0]p™° -152.22 ¢ 0.18, MeOH); UV (MeOH}\pay 262
nm;*H NMR (400 MHz, CRQOD) & 7.96 (d,J = 4.0 Hz, 1H), 6.36 (d] = 8.0 Hz, 1H), 5.49 (dd,
J=2.4,7.6 Hz, 1H), 4.86 (§ = 2.4 Hz, 1H), 3.88-3.84 (m, 1H), 3.70-3.61 (m, 2K% NMR
(100 MHz, CQOD) § 157.8, 148.5, 146.0, 123.6 (#iz 37.2 Hz), 94.9, 81.5, 64.7, 62.9, 56.3;
MS (ESI) m/z 308.9793 [M+H]Found: C, 35.08; H, 2.87; N, 8.98. Calc. faHgFN,O,Se: C,
35.19; H, 2.95; N 9.12%.

(-)-2,2-Anhydro-5-chloroi1-(4-selenop-arabinofuranosylracil (18j).

White solid; Yield: 85%; mp 206-21C (decomposed):a]p?°-228.59 ¢ 1.56, CHOH); UV
Amax (CHsOH) 272 nm*H NMR (400 MHz, CROD) & 8.19 (s, 1H), 6.40 (d] = 6.8 Hz, 1H),
5.51-5.49 (m, 1H), 4.85-4.84 (m, 1H), 3.89-3.84 (i), 3.71-3.61 (m, 2H)**C NMR (100
MHz, CD;OD) 6 169.3, 159.8, 136.7, 118.4, 95.1, 81.8, 64.9,,686%; Found: C, 33.03; H,
2.76; N, 9.04. Calc. for ££4CIN,O,Se: C, 33.41; H, 2.80; N 8.66%.
(-)-2,2-Anhydro-5-bromot-(4-selenoe-arabinofuranosyl)racil (18K).

White solid; Yield: 86%:; mp 218-228; [0]p*°-235.47 € 0.64, CHOH); UV Amax (CHsOH)
275 nm;*H NMR (400 MHz, CROD) & 8.29 (s, 1H), 6.38 (d] = 7.6 Hz, 1H), 5.50-5.48 (m,
1H), 4.85-4.84 (m, 1H), 3.88-3.84 (m, 1H), 3.7113(f, 2H);**C NMR (100 MHz, CROD) &
169.5, 160.3, 139.4, 107.5, 95.1, 81.7, 65.0, &64; Found: C, 29.65; H, 2.76; N, 7.77. Calc.

for CoHoBrN,O,Se: C, 29.37; H, 2.46; N 7.61%.



(-)-2,2-Anhydro-5-iodo1-(4-selenop-arabinofuranosyl)racil (18l).

White solid; Yield: 89%: mp 101-10€; [0]p*°-246.97 ¢ 1.85, CHOH); UV Amax (CHsOH)
282 nm;*H NMR (400 MHz, CRQOD) & 8.35 (s, 1H), 6.38 (dd, = 0.6, 7.2 Hz, 1H), 5.49-5.46
(m, 1H), 4.85-4.84 (m, 1H), 3.87-3.83 (m, 1H), 3360 (m, 2H);**C NMR (100 MHz,
CD,0OD) 6 170.9, 161.0, 144.5, 95.0, 81.6, 81.1, 65.0, 68646; Found: C, 26.05; H, 2.09; N,

6.34. Calc. for GHgIN,O,Se: C, 26.04; H, 2.19; N 6.75%.

General procedure for the synthesid8§-19I.

To a solution of compountiBg-18I(1 equiv.) in pyridine were added trityl chlori¢le5 equiv.)
and 4-dimethylaminopyridine (0.1 equiv.) at roormperature and the mixture was heated to
stir at 55°C for 15 h. The reaction mixture was concentraféu: residue was diluted with ethyl
acetate and the organic layer was washed with whtare, dried over MgSg filtered and
evaporated under reduced pressure. The residuepwdafsed by flash silica gel column

chromatography (dichloromethane:methanol = 30:Hiwe 19g-19I

(-)-2,2-Anhydro-1-(50-trityl-4-selenob-arabinofuranosyl)uracitl@g).

White foam; Yield: 69%; d]5*° -4.93 € 0.32, CHOH); UV (CH;OH) Anay 266 nm;*H NMR
(CD;OD) 6 7.80 (d,J = 8.4 Hz, 1H), 7.48-7.25 (m, 15H), 6.21 (s 7.2 Hz, 1H), 5.61 (d] =

8.4 Hz, 1H), 4.22 (t) = 3.6 Hz, 1H), 4.14 (dd] = 3.6, 6.8 Hz, 1H), 3.67-3.62 (m, 1H), 3.55
(dd,J = 6.4, 10.0 Hz, 1H), 3.47 (dd,= 6.4, 10.0 Hz, 1H)**C NMR (CD;OD) & 166.0, 152.8,
145.2, 143.9, 130.1, 129.1, 128.5, 103.3, 88.8,85.5, 67.0, 58.2, 47.2; Found: C, 63.47; H,
4.78; N 5.00,. Calc. for £H,4N-0O,Se: C, 63.28; H, 4.55; N, 5.27%.
(-)-2,2-Anhydro-1-(50-trityl-4-selenop-arabinofuranosyl)thyminel @h).

White foam; Yield: 77%; d]p?° -58.42 ¢ 0.38, CHCL,); UV (CH,Cl,) Amax 233 nm;'H NMR



(CDCly) & 7.27-7.11 (m, 15H), 7.07 (d,= 1.2 Hz, 1H), 5.96 (d) = 7.2 Hz, 1H), 5.15 (dd] =
3.8, 7.4 Hz, 1H), 4.49 (= 4.4 Hz, 1H), 3.77-3.87 (m, 1H), 3.41 (= 6.4, 9.6 Hz, 1H), 3.03
(t, J= 9.6 Hz, 1H), 1.84 (d) = 1.2 Hz, 3H);**C NMR (CDC}) & 158.3, 143.4, 131.9, 128.5,
127.9, 127.3, 119.7, 91.6, 87.3, 79.9, 77.4, 65&2, 51.0, 13.9; MS (ESI) m/z 569.0967
[M+Na]*; Found: C, 63.90; H, 4.40; N 4.98,. Calc. forksN,O,Se: C, 63.85; H, 4.80; N,
5.14%.

(-)-2,2-Anhydro-5-fluoro-1-(50-trityl-4-selenob-arabinofuranosyl)uracill@i).

White foam; Yield: 81%;d]p?° -42.91 € 1.51, CHCl,+ CH;OH); UV (CH,Cl,+ CHyOH) Amax
261 nm;*H NMR (CDCk) & 7.35- 7.17 (m, 15H), 6.10 (d,= 7.2 Hz, 1H), 5.41 (dd] = 3.2,
7.2 Hz, 1H), 5.23 (d) = 4.8 Hz, 1H), 4.61 (d] = 3.6 Hz, 1H), 4.01-3.96 (m, 1H), 3.49 (=
5.8, 9.2 Hz, 1H), 3.07 (8,= 9.6 Hz, 1H);°*C NMR (CDC}) & 156.1, 143.5, 128.7, 128.1, 127.9,
127.4, 121.8, 121.4, 93.0, 87.3, 80.1, 65.3, B10; MS (ESI) m/z 551.0901 [M+H]Found:
C, 61.23; H, 4.43; N, 5.09. Calc. fopdH,3sFN,O,Se: C, 61.21; H, 4.22; N, 5.10%.
(-)-2,2-Anhydro-5-chloro-1-(50-trityl-4-selenob-arabinofuranosyl)uracitl@j).

White foam; Yield: 74%;]p>° -49.49 € 1.95, CHCl,+ CHOH); UV (CHyOH) Amax 271 Nm;
'H NMR (CD,OD) & 8.11 (s, 1H), 7.39-7.22 (m, 15H), 6.34 {5 7.6 Hz, 1H), 5.45-5.42 (m,
1H), 4.79 (tJ = 2.6 Hz, 1H), 4.00-3.96 (m, 1H), 3.38-3.36 (m, 1B)10 (t,J = 9.6 Hz, 1H);
¥C NMR (CD,OD) 6 168.7, 158.9, 144.6, 135.9, 129.5, 128.7, 12818,7, 94.2, 88.2, 80.9,
66.6, 62.1, 53.8; Found: C, 59.02; H, 3.98; N, 4@88lc. for GgH,:CIN,O,Se: C, 59.43; H,
4.10; N, 4.95%.
(-)-2,2-Anhydro-5-bromo-1-(82-trityl-4-selenob-arabinofuranosyl)uracitlOk).

White foam; Yield: 83%:d]p*° -127.49 ¢ 0.86, CHCl,+ CH;OH); UV (CH;OH) Amay 275 nm;
'H NMR (CD;OD) & 8.22 (s, 1H), 7.39-7.20 (m, 15H), 6.34 Jc& 7.2 Hz, 1H), 5.44-5.42 (m,

1H), 4.79 (tJ = 2.4 Hz, 1H), 4.00-3.95 (m, 1H), 3.38-3.33 (m, 1BL1 (t,J = 9.6 Hz, 1H);



¥*C NMR (CD,OD) 5 168.2, 158.8, 144.1, 137.6, 129.1, 128.5, 12708,0, 93.6, 87.8, 80.5,
66.1, 61.1, 53.3; Found: C, 55.43; H, 4.12; N, 4Q8lc. for GgH»3BrN,O,Se: C, 55.10; H,
3.80; N, 4.59%.

(-)-2,2-Anhydro-5-iodo-1-(50-trityl-4-selenob-arabinofuranosyl)uracitlQl).

White foam; Yield: 69%;d]p2° -171.03 ¢ 0.97, CHCl,+ CH;OH); UV (CH;OH) Amax 282 NM;

'H NMR (CD,OD) § 8.29 (s, 1H), 7.39-7.20 (m, 15H), 6.33 J&& 7.2 Hz, 1H), 5.42-5.40 (m,
1H), 4.78 (tJ = 2.6 Hz, 1H), 3.99-3.95 (m, 1H), 3.37-3.33 (m, 1B)11 (t,J = 9.6 Hz, 1H);

3C NMR (CD,OD) & 169.2, 159.3, 143.9, 142.3, 129.0, 128.3, 127373,87.7, 82.1, 80.2,
65.9, 60.4, 53.0; Found: C, 51.08; H, 3.93; N, 3@8Ic. for GgH,3IN,O,Se: C, 51.16; H, 3.53;

N, 4.26%.

General procedure for the synthesi20§-20l.

To a solution 0fl9g-19I(1 equiv.) in dichloromethane were added 3,4-diby2H-pyran (50
equiv.) and pyridinium p-toluenesufonate (1 equét.p’C, and the mixture was allowed to stir
at room temperature for 20 h. The mixture was goedavith saturated NaHGOThe mixture
was diluted with dichloromethane and the organjedavas washed with saturated NaHCO
solution, brine, dried over MgS(Xiltered and evaporated. under reduced pres3ineresidue
was purified by flash silica gel column chromatqdma (dichloromethane:methanol= 30:1) to

give 20g-20I

2,2-Anhydro-1-(30-tetrahydropyranyl-82-trityl-4-selenob-arabinofuranosyl)uracilQg).
White foam as an inseparable diastereomeric mixtiedd: 88%; UV (CHOH) Amax 259 nm;
'H NMR (CD;0OD) (major) & 7.72 (dJ = 7.6 Hz, 1H), 7.40-7.20 (m, 15H), 6.36 (& 7.6 Hz,

1H), 6.04 (d,J = 7.6 Hz, 1H), 5.58 (dd] = 1.6, 7.6 Hz, 1H), 5.08 (§,= 2.4 Hz, 1H), 4.92 (t)



= 3.6 Hz, 1H), 4.15 (td] = 2.4, 8.0 Hz, 1H), 3.94-7-3.91 (m, 1H), 3.58-3.54 (H), 3.23-3.19
(m, 2H), 1.84-1.44 (m, 6H)ninor) & 7.73 (d,J = 7.6 Hz, 1H), 7.40-7.20 (m, 15 H), 6.40 {d,
= 7.6 Hz, 1H), 6.05 (d] = 7.6 Hz, 1H), 5.68 (dd] = 1.6, 7.6 Hz, 1H), 5.06 (8,= 2.0 Hz, 1H),
4.82 (t,J = 2.8 Hz, 1H), 3.96 (td) = 2.0, 8.0 Hz, 1H), 3.90-3.87 (m, 1H), 3.61-3.59 (H),
3.23-3.19 (m, 2H), 1.84-1.44 (m, 6H).
2,2-Anhydro-1-(3O-tetrahydropyranyl-83-trityl-4-selenob-arabinofuranosyl)thymine2Qh).
White foam as an inseparable diastereomeric mixtield: 96%; UV (CHCI,) Amax 254 nm;
'H NMR (CDC}) (major) & 7.30-7.21 (m, 15H), 6.96 (d,= 1.2 Hz, 1H), 6.04 (d] = 7.2 Hz,
1H), 5.34-5.32 (m, 1H), 4.95 (@,= 2.8 Hz, 1H), 4.81 (t) = 2.4 Hz, 1H), 4.15-4.10 (m, 1H),
3.82-3.75 (m, 1H), 3.53-3.47 (m, 1H), 3.42-3.36 M), 3.19 (qJ = 8.4, 10.0 Hz, 1H), 1.93 (d,
J= 1.2 Hz, 3H), 1.60-1.52 (m, 6H)minor) & 7.39-7.36 (m, 15 H), 6.98 (d,= 1.6 Hz, 1H),
6.09 (d,J = 7.2 Hz, 1H), 5.56-5.53 (m, 1H), 4.97 Jt= 1.8 Hz, 1H), 4.67 (t) = 2.6 Hz, 1H),
3.90-3.84 (m, 1H), 3.82-3.75 (m, 1H), 3.58-3.56 (H), 3.42-3.36 (m, 1H), 3.25 (4,= 8.0,
10.0 Hz, 1H), 1.96 (dJ = 1.2 Hz, 3H), 1.78-1.73 (m, 6H}*C NMR & 171.9, 158.0, 143.6,
130.8, 130.7, 128.7, 128.2, 128.1, 127.50, 127126,3, 120.2, 99.5, 99.4, 91.4, 90.9, 87.5,
85.0, 84.6, 65.7, 65.5, 63.9, 63.6, 61.6, 60.09,581.3, 30.9, 30.8, 25.3, 20.1, 19.7, 14.4; MS
(ESI) m/z 631.1728 [M+H]
2,2-Anhydro-5-fluoro-1-(30-tetrahydropyranyl-83-trityl-4-selenop-arabinofuranosyl)uracil
(20i).

White foam as an inseparable diastereomeric mixtield: 82%; UV (CHCIL,) Anax 232 nm;
'H NMR (CDCk) (major)$ 7.28-7.19 (m, 15H), 6.16 (d,= 7.6 Hz, 1H), 5.40 (dd] = 7.6 Hz,
1H), 4.97 (dJ = 2.4 Hz, 1H), 4.80 (s, 1H), 4.16-4.09 (m, 1H), 3849 (m, 2H), 3.55-3.50 (m,
1H), 3.20-3.11 (m, 2H), 1.55-1.49 (m, 6H); (mindrJ.37-7.35 (m, 15H), 6.18 (d, 1H), 5.62 (d,

J= 6.6 Hz, 1H), 4.96 (d] = 2.4 Hz, 1H), 4.68 (s, 1H), 3.84-3.79 (m, 2H), 3550 (M, 2H),



3.32-3.27 (m, 2H), 1.80-1.68 (m, 6HYC NMR & 164.1, 164.0, 155.7, 147.8, 147.7, 145.3,
145.2, 143.5, 143.4, 128.6, 128.1, 128.0, 127.24,4D, 120.5, 120.1, 99.1, 92.6, 92.0, 87.32,
87.27, 84.8, 84.6, 65.5, 65.2, 63.7, 63.4, 62.42,681.5, 51.4, 31.1, 30.8, 30.6, 25.20, 25.16,
19.8, 19.5; MS (ESI) m/z 657.1304 [M+Na]
2,2-Anhydro-5-chloro-1-(39-tetrahydropyranyl-83-trityl-4-selenob-arabinofuranosyl)uracil
(20j).

White foam as an inseparable diastereomeric mixtield: 90%; UV (CHCI,) Anax 267 nm;

'H NMR (CDC}) (major) & 7.39-7.23 (m, 16H), 6.14 (d,= 7.6 Hz, 1H), 5.64 (d] = 6.0 Hz,
1H), 4.98-4.97 (m, 1H), 4.70 (d= 5.2 Hz, 1H), 3.89-3.84 (m, 2H), 3.58-3.56 (m, 18187 (q,
J=7.6, 10 Hz, 1H), 3.21 (d,= 8.6, 10.2 Hz, 1H), 1.60-1.51 (m, 6HJC NMR & 168.4, 158.8,
144.5, 135.1, 129.2, 128.6, 128.3, 128.2, 127.8,51100.7, 94.1, 80.9, 64.2, 62.8, 62.0, 56.0,
54.0, 31.0, 25.9, 19.9.
2,2-Anhydro-5-bromo-1-(33-tetrahydropyranyl-82-trityl-4-selenob-arabinofuranosyl)uracil
(20K).

White foam; Yield: 75%; UV (ChCl,) Amax 272 nm;*H NMR (CDCL) & (major) 7.49 (s, 1H),
7.31-7.23 (m, 15H), 6.15 (d,= 7.2 Hz, 1H), 5.63 (dd] = 1.2, 7.2 Hz, 1H), 4.97-4.96 (m, 1H),
4.70 (t,J = 2.6 Hz, 1H), 3.88-3.84 (m, 2H), 3.59-3.52 (m, 18189-3.32 (m, 1H), 3.23-3.18 (m,
1H), 1.54-1.52 (m, 6H);nginor) 7.47 (s, 1H), 7.39-7.36 (m, 15H), 6.11 {d= 7.6 Hz, 1H),
5.41 (dd,J = 2.2, 7.0 Hz, 1H), 4.97-4.96 (m, 1H), 4.82-4.81 (H), 4.20-4.11 (m, 1H), 3.81-
3.79 (m, 1H), 3.59-3.52 (m, 1H), 3.39-3.32 (m, 181),7-3.13 (m, 1H), 1.79-1.72 (m, 6HjC
NMR ¢ 166.1, 157.7, 143.5, 143.5, 134.9, 128.7, 1288,11, 127.6, 127.5, 108.9, 108.7, 99.4,
99.3, 92.4, 91.9, 87.5, 84.9, 84.6, 65.6, 65.39,6883.6, 61.7, 60.5, 52.2, 51.9, 30.9, 30.8, 25.3,
25.2,20.0, 19.7.

2,2-Anhydro-5-iodo-1-(3©-tetrahydropyranyl-89-trityl-4-selenob-arabinofuranosyl)uracil



(201).

White foam as an inseparable diastereomeric mixttield: 74%; UV (CHCIL,) Anax 276 nm;

'H NMR (CDCk) & (major) 7.63-7.60 (m, 1H), 7.30-7.21 (m, 15H), 6.21-6(h€§ 1H), 5.63
(dd,J = 1.0, 7.0 Hz, 1H), 5.00-4.94 (m, 1H), 4.70-4.69 (tH), 3.86-3.80 (m, 2H), 3.57-3.53
(m, 1H), 3.37-3.30 (m, 1H), 3.22-3.17 (m, 1H), 2BB1 (m, 6H); finor) 7.600-7.597 (m,
1H), 7.38-7.36 (m, 15H), 6.21-6.16 (m, 1H), 5.48,@= 2.2, 7.4 Hz, 1H), 5.00-4.94 (m, 1H),
4.82-4.81 (m, 1H), 4.14-4.11 (m, 1H), 3.86-3.80 i) 3.57-3.53 (m, 1H), 3.37-3.30 (m, 1H),
3.16-3.12 (m, 1H), 1.80-1.71 (m, 6HJC NMR & 167.5, 158.4, 143.5, 143.4, 140.3, 128.6,
128.14, 128.10, 127.5, 127.4, 99.2, 99.0, 92.4,H97.40, 87.36, 84.8, 84.4, 83.4, 83.2, 65.6,

65.3, 61.6, 60.5, 51.8, 51.7, 30.8, 30.7, 25.3,210.8, 19.6.

General procedure for the synthesi2bg-211.

To a solution of compoun@®0g-20! (1 equiv.) in acetonitrile was added 1 M NaOH
(acetonitrile:1 M NaOH = 3:1) and the mixture waisrad at room temperature for 2 h. The
reaction mixture was neutralized with glacial acetcid and concentrated. The residue was
purified by flash silica gel column chromatogragldichloromethane:methanol = 30:1) to give

21g-21l

1-(3-O-Tetrahydropyranyl-82-trityl-4-selenob-arabinofuranosyl)uracil(g).

White foam as diastereomeric mixture; Yield: 94%Y WMeOH) An.x 266nm; 'H NMR
(CD,OD) (major) & 8.11 (d,J = 8.0 Hz, 1H), 7.48-7.24 (m, 15H), 6.57 (U= 4.8 Hz, 1H),
5.55 (d,J = 8.4 Hz, 1H), 4.61-4.59 (m, 1H), 4.32-4.25 (m, 28{94-3.89. (m, 1H), 3.74 (dd,
= 6.2, 8.8 Hz, 1H), 3.63 (td,= 6.4, 3.6 Hz, 1H), 3.54 (dd,= 7.2, 9.2 Hz, 1H), 3.50-3.48 (m,

1H), 1.45-1.82 (m, 6H).



1-(3-O-Tetrahydropyranyl-82-trityl-4-selenob-arabinofuranosyl)thymine(h).

White foam as diastereomeric mixture; Yield: 96%¢ (CH,Cly) Amax 281 nm;*H NMR
(CD,OD) (major) 6 8.28 (s, 1H), 7.71 (dl = 1.2 Hz, 1H), 7.25-7.49 (m, 15H), 6.51 (= 6.8
Hz, 1H), 4.72 (dJ = 1.2 Hz, 1H), 4.27 (o) = 2.4, 6.4 Hz, 1H), 4.18-4.22 (m, 1H), 3.90-3.96
(m, 2H), 3.58-3.63 (M, 2H), 3.46-3.52 (m, 1H), 3B80 (m, 1H), 1.70 (d) = 0.8 Hz, 3H),
1.34-1.52, (m, 6H)**C NMR & 163.6, 151.2, 143.6, 139.5, 128.9, 128.2, 12716,4], 101.6,
87.5,77.8, 65.0, 62.7, 52.3, 41.5, 31.2, 25.06,212.9; MS (ESI) m/z 671.1650 [M+Na]
5-Fluoro-1-(30-tetrahydropyranyl-8-trityl-4-selenop-arabinofuranosyl)uracil(li).

White foam as diastereomeric mixture; Yield: 95%y (CH,Cly) Amax 279 nm;*H NMR
(CDCl) 6 8.16 (d,J = 6.4 Hz, 1H). 8.10 (d] = 6.4 Hz, 1H), 7.23-7.50 (m, 30H), 6.51 (dds
1.2, 6.6 Hz, 1H), 6.47 (dd,= 1.2, 5.2 Hz, 1H), 4.79 (8 = 3.4 Hz, 1H), 4.43 (t) = 5.0 Hz,
1H), 4.21-4.26 (m, 3H), 3.89-3.98 (m, 2H), 3.7873(/, 2H), 3.68-3.73 (m, 1H), 3.62-3.66 (m,
1H), 3.60-3.56, (M, 1H), 3.47-3.54 (m, 2H), 3.3863(m, 2H), 1.33-1.77 (m, 12H)*C NMR
(CDCly) 6 158.3, 158.0, 157.8, 157.6, 150.15, 150.07, 14318,6, 140.4, 139.5, 138.0, 137.2,
130.6, 130.2, 128.9, 128.8, 128.1, 128.0, 127.4,31200.9, 98.6, 87.5, 87.4, 85.9, 82.7, 65.1,
64.7, 62.8, 62.3, 57.7, 54.5, 48.7, 43.7, 31.17,3@5.4, 25.0, 20.5, 19.4; MS (ESI) m/z
675.1403 (M+N&).
5-Chloro-1-(30©-tetrahydropyranyl-82-trityl-4-selenob-arabinofuranosyl)uracib()).

White foam as an diastereomeric mixture; Yield: 849% (CH,CI;) Amax 281 nm;*H NMR
(CDCl) & 10.4 (brs, 1H), 9.65 (brs, 1H), 8.23 (s, 1H), 8&01H), 7.52-7.24 (m, 30H), 6.56-
6.54 (M, 2H), 4.85-4.51 (m, 2H), 4.51 (s 4.4 Hz, 1H), 4.36-4.31 (m, 4H), 4.03-4.00 (m, 1H),
3.97-3.90 (m, 2H), 3.80-3.77 (m, 2H), 3.67-3.65 @Hi), 3.54-3.45 (m, 4H), 1.81-1.41 (m,
12H); **C NMR (CDC}) § 160.4, 159.7, 150.7, 150.4, 143.9, 143.7, 14311,6], 129.0, 128.9,

128.2, 128.0, 127.5, 127.3, 107.8, 106.9, 100.6,987.5, 87.4, 86.1, 83.2, 77.9, 77.7, 65.4,



64.6, 63.2, 62.8, 58.5, 55.0, 49.8, 44.7, 31.18,3%b.5, 25.1, 20.4, 19.5.
5-Bromo-1-(30-tetrahydropyranyl-82-trityl-4-selenob-arabinofuranosyl)uraci(k).

White foam as diastereomeric mixture; Yield: 72%y (CH,Cl,) Amax 284 nm;*H NMR
(CDCl) 6 10.3 (brs, 1H), 9.54 (brs, 1H), 8.32 (s, 1H), 8&81H), 7.51-7.24 (m, 30H), 6.55 (t,
J= 5.6 Hz, 2H) , 4.83-4.80 (m, 2H), 4.50-4.48 (m, 1#9-4.38 (m, 1H), 4.33-4.29 (m, 3H),
4.03-3.90 (m, 3H), 3.79-3.76 (m, 2H), 3.70-3.66 @Hi), 3.54-3.44 (m, 4H), 1.86-1.43 (m,
12H); **C NMR (CDC}) § 160.5, 159.8, 150.9, 150.7, 145.6, 144.2, 14448,8l, 129.0, 128.9,
128.2, 128.0, 127.4, 127.3, 100.4, 98.6, 95.6,,%/042, 87.35, 85.9, 83.2, 77.9, 77.7, 65.5,
64.5, 63.6, 62.8, 58.5, 55.2, 49.6, 45.1, 31.18,3%b.5, 25.1, 20.3, 19.4.
5-lodo-1-(30-tetrahydropyranyl-32-trityl-4-selenob-arabinofuranosyl)uraci(l).

White foam as diastereomeric mixture; Yield: 88%y (CH,Cl,) Amax 289 nm;*H NMR
(CDCls) 6 10.0 (brs, 1H), 9.26 (brs, 1H), 8.38 (s, 1H), 8811H), 7.50-7.24 (m, 30H), 6.50 (t,
J= 5.8 Hz, 2H) , 4.80 (s, 1H), 4.74 @= 2.8 Hz, 1H), 4.43-4.38 (m, 2H), 4.30-4.22 (m, 3H),
3.96-3.89 (m, 3H), 3.81-3.77 (m, 1H), 3.74-3.64 @), 3.53-3.46 (m, 2H), 3.45-3.41 (m, 2H),
1.79-1.41 (m, 12H)}*C NMR (CDC}) § 161.2, 160.6, 151.3, 150.9, 150.3, 149.1, 14319,7,
129.0, 128.9, 128.2, 128.1, 127.5, 127.4, 100.7,987.5, 86.3, 83.1, 78.1, 77.8, 77.4, 67.4,

67.1, 65.7, 64.6, 63.9, 62.8, 57.9, 54.6, 48.85,431.1, 30.8, 25.5, 25.1, 20.4, 19.4.

General procedure for the synthesis of 2'-deoXjuRro-4'-selenoarabinofuranosyl pyrimidines
3g-3l

To a solution of compound21lg-21l (1 equiv.) in dichloromethane was added
diethylaminosulfur trifluoride (1.5 eqiv.) at -78, and the reaction mixture was stirred at the
same temperature for 30 minutes. Then the reantigture was allowed to stir at'C for 2 h.

After saturated NaHC{solution was carefully added at’0, the mixture was diluted with



dichloromethane and the organic layer was washeld saturated NaHCQsolution, brine,
dried over MgSQ filtered and evaporated. under reduced pressteeresidue was purified by
flash silica gel column chromatography (hexanelebgtate = 2:1) to give the fluori@2g-22I
Since the fluorid&2g-22Iwere mixed with the inseparable impurities, it wasediately used
for next step without further purification.

A solution of compoun@2g-22lin 80% aqueous acetic acid was stirred at roonpéeature for

15 h. The reaction mixture was evaporated undercesti pressure and the residue was purified
by flash silica gel column chromatography (dichtoeihane:methanol= 5:1) to give the
corresponding deprotected compound as a solid. Wwhs finally recrystallized from diethyl

ether/methanol to givag-3l

(-)-1-(2-Deoxy-2-fluoro-4-seleno-arabinofuranosyl)uracii3g).

White solid; Yield: 19%; mp 211-21%; [0]p™° -0.22 € 0.20, CHOH); UV (CH;OH) Apax 260
nm;*H NMR (CD,OD) & 8.25 (ddJ = 1.2, 8.0 Hz, 1H), 6.65 (dd,= 5.0, 15.0 Hz, 1H), 5.73 (d,
J= 8.0 Hz, 1H), 5.02 (tJ = 5.6 Hz, 0.5H), 4.89 (t] = 5.6 Hz, 0.5H), 4.39-4.34 (m, 1H), 4.01-
3.96 (m, 1H), 3.86-3.81 (m, 1H)C NMR (CD,OD) & 166.2, 152.7, 146.1, 102.4, 100.0, 98.1,
75.8 (0 = 23.2 Hz), 63.9, 53.8)(= 16.7 Hz)*F NMR (CD:OD) & -192.99 (dtJ = 11.7, 50.0
Hz); MS (ESI): m/z 310.9941 [M+H] Found: C, 35.04; H, 3.56; N, 9.66. Calcd for
CoH1:FN,O4Se: C, 34.97; H, 3.59; N, 9.06%.
(+)-1-(2-Deoxy-2-fluoro-4-seleno-arabinofuranosyl)thyminedf).

White solid; Yield: 43%; mp 107-114; [0]p?° +11.96 ¢ 1.00, CHOH); UV (CH;OH) Amax
269 nm;'H NMR (CD:0D) § 6.61 (dd,J = 5.2, 13.6 Hz, 1H) 5.49 (s, 1H), 5.00Jt= 5.6 Hz,
0.5H), 4.88 (tJ = 5.6 Hz, 0.5H), 4.35-4.41 (m, 1H), 3.84-4.00 (m)28155 (ddJ = 5.8, 11.2

Hz, 1H), 1.89 (dJ = 1.2 Hz, 3H);*C NMR (CD;OD) & 166.3, 152.8, 141.5, 111.0, 99.9, 98.0,



75.4 0 = 92 Hz), 63.2, 53.4)(= 67 Hz), 12.5°F NMR (CD;OD) & -188.4; MS (ESI) m/z
346.9913 [M+Na]; Found: C, 37.34; H, 3.99; N, 8.46. Calc. fophisFN,O,Se: C, 37.16; H,
4.05; N, 8.67%..

(-)-5-Fluoro-1-(2-deoxy-2-fluoro-4-selerm-arabinofuranosyl)uraciB).

White solid; Yield: 22%; mp 193-1958C; UV (CH;OH) Amax 270 nm; {i]p*° +5.59 € 0.34,
CH;OH); *H NMR (CD,OD) & 8.48 (ddJ = 1.0, 7.0 Hz, 1H), 6.62-6.57 (m, 1H), 5.02 (dd;
5.2, 6.0 Hz, 0.5H), 4.90 (dd,= 5.0, 6.2 Hz, 0.5H), 4.40-4.35 (m, 1H), 3.96-3.82 {H), 3.89-
3.84 (m, 1H), 3.56 (dd] = 5.8, 11.4 Hz, 1H)**C NMR (CD;OD) § 210.0, 129.7 (d) = 133.2
Hz), 151.4, 100.0, 98.0, 75.2 (d,= 92.0 Hz), 63.1, 54.1 (d] = 63.2 Hz), 30.7°F NMR
(CDs0OD) 6 -160.7, -187.4; MS (ESI) m/z 326.9712 [M-Hfound: C, 33.04; H, 3.07; N, 8.45.
Calc. for GH;F:N,O4Se: C, 33.04; H, 3.08; N, 8.56%..
(+)-5-Chloro-1-(2-deoxy-2-fluoro-4-selerm-arabinofuranosyl)uracil3f).

White solid; Yield: 20%; mp 212-21&; UV (CH;OH) Amax 277 nm; §i]p°° +12.05 € 2.20,
CH;OH); *H NMR (CD;0D) 6 8.61 (s, 1H), 6.59 (dd,= 5.0, 13.4 Hz, 1H), 5.09 (3,= 5.8 Hz,
0.5H), 4.90 (tJ = 5.6 Hz, 0.5H), 4.40-4.35 (m, 1H), 3.95-3.85 (m) 28156 (ddJ = 5.4, 11.0
Hz, 1H); *C NMR (CD,OD) & 161.4, 151.8, 142.6, 108.8, 99.7, 97.8, 75.1)(d, 22.7 Hz),
62.9, 54.2 (dJ = 16.0 Hz);**F NMR (CD;OD) § -192.1 (dtJ = 12.0, 50.4 Hz); MS (ESI) m/z
344.9550 [M+H]; Found: C, 31.09; H, 2.75; N, 8.01. Calc. faHgFCIN,O,Se: C, 31.46; H,
2.93; N, 8.15%..

(+)-5-Bromo-1-(2-deoxy-2-fluoro-4-selerm-arabinofuranosyl)uraciBk).

White solid; Yield: 19%; mp 119-12Z; [0]5%° +20.58 ¢ 1.38, CHOH+H,0); UV (CH;OH)
Amax 279 nmM:*H NMR (CD;OD) 6 8.71 (d,J = 1.2 Hz, 1H), 6.58 (dd] = 5.2, 13.2 Hz, 0.5H),
5.03 (ddJ=5.2, 6.2 Hz , 0.5 H), 4.90 (ddi= 5.2, 6.4 Hz, 0.5H), 4.40-4.34 (m, 1H), 3.95-3.85

(m, 2H), 3.56 (ddJ = 5.6, 10.8 Hz, 1H)**C NMR (CD;OD) § 161.5, 152.0, 145.2 (d,= 2.2



Hz), 99.7, 97.8, 96.5, 75.1 (d,= 22.7 Hz), 62.8 (dJ = 2.2 Hz), 54.1 (dJ) = 16.2 Hz);"F
NMR (CD;0OD) § -192.0 (dtJ = 12.0, 50.4 Hz); MS (ESI) m/z 410.8857 [M+NafFound: C,
20.99; H, 2.90; N, 6.98. Calc. forld,FBrN,O,Se: C, 20.59; H, 2.60; N, 7.22%.
(-)-5-lodo-1-(2-deoxy-2-fluoro-4-selerm-arabinofuranosyl)uraciB{().

White solid; Yield: 19%; mp 245-24& (decomposed)a]p*® -21.63 ¢ 0.43, CHOH+H,0);
UV (CH50H) Amax 289 nm;*H NMR (CD;OD) & 8.74 (s, 1H) 6.57 (ddl = 5.2, 13.6 Hz, 1H),
5.00 (q,J = 5.2, 6.0 Hz, 0.5H), 4.88 (dd,= 5.0, 6.2 Hz, 0.5H), 4.39-4.33 (m, 1H), 3.95-3.84
(m, 2H), 3.57 (ddJ = 5.6, 11.2 Hz, 1H)**C NMR (CD,OD) & 162.5, 152.2, 150.1, 99.5, 97.6,
74.9 (d,J = 23.3 Hz), 67.9, 62.7, 53.8 (d,= 16.2 Hz);"*F NMR (CD,0D) 6 -191.8 (dt,J =
11.7, 50.3 Hz); MS (ESI) m/z 436.8901 [M+HFound: C, 24.45; H, 2.01; N, 6.84. Calc. for

CoH10FIN,O,Se: C, 24.85; H, 2.32; N, 6.44%.

General procedure for the synthesis of 4'-seleti@séuranosyl pyrimidine8m-3q.

To a solution of compountli8g-18lin in acetonitrile was addedM NaOH (acetonitrile:1 M
NaOH = 3:1) and the mixture was stirred at roomperature for 2 h. The reaction mixture was
neutralized with glacial acetic acid and concerttal he residue was purified by flash silica gel
column chromatography (dichloromethane:methanol &1)1 to give the corresponding

compound as a solid. This was finally recrystatlizem diethyl ether/methanol to gide-3q.

(-)-1-(4-Selenaz-arabinofuranosyl)uraciB3fn).

White solid; Yield: 94%; mp 141-148 (decomposed)a]p*° -0.021 ¢ 0.093, CHOH); UV
(CH3OH) Amax 266 nm;*H NMR (CD;0D) & 8.27 (d,J = 8 Hz, 1H), 6.52 (dJ = 5.6 Hz, 1H),
5.69 (d,J = 8.0 Hz, 1H), 4.16-4.13 (m, 1H), 4.11-4.04 (m, 2B60-3.54 (m, 1H)**C NMR

(CD:0OD) 5 179.6, 166.4, 153.0, 147.1, 101.5, 80.5, 78.84,686.2; MS (ESI) m/z 308.9980



[M+H]*; Found: C, 35.45; H, 4.34, N 8.88. Calcd fgHGN,OsSe: C, 35.19; H, 3.94, N 9.12%.
(-)-1-(4-Selenaz-arabinofuranosyl)thymine3().

White solid; Yield: 99%; mp 191-196; [a]p*° -12.42 ¢ 1.00, CHOH + H,0); UV (CH;OH)
Amax 271 nm;*H NMR (CD,0D) 8 8.15 (d,J = 1.2 Hz, 1H), 6.48 (d] = 5.2 Hz, 1H), 4.15-4.09
(m, 2H), 4.04-4.00 (m, 1H), 3.96-3.90 (m, 1H), 3(8d,J = 5.6, 10.8 Hz, 1H), 1.88 (d,= 1.2
Hz, 3H);*C NMR (CD,OD) § 166.6, 153.2, 142.7, 110.3, 80.5, 78.2, 63.6,, 50/, 12.6; MS
(ESI) m/z: 323.0139 [M+H} Found: C, 37.77; H, 4.09; N, 9.12. Calc. fopH;N,OsSe: C,
37.39; H, 4.39; N, 8.72%.

(+)-5-Fluoro-1-(4-selen@-arabinofuranosyl)uracit3p).

White solid; Yield: 95%; mp 204-20€; [a]p?° +45.49 € 0.24, CHOH + H,0); UV (CHOH)
Amax 274 nm;"H NMR (CD;0D) & 8.48 (d,J = 7.2 Hz, 1H), 6.48 (dd) = 1.6, 5.2 Hz, 1H),
4.65-4.09 (m, 2H), 4.03-3.99 (m, 1H), 3.94-3.90 (H), 3.55 (ddJ = 5.4, 11.0 Hz, 1H)*C
NMR (CD;0OD) § 151.7, 141.6, 139.3, 130.8 (@= 35.9 Hz), 80.5, 78.3, 63.7, 56.7, 51°F;
NMR (CD;0OD) § -169.7 (dJ = 5.3 Hz); MS (ESI) m/z: 327.9896 [M+H]Found: C, 33.20; H,
3.41; N, 8.54. Calc. for §£1,;FN,OsSe: C, 33.24; H, 3.41; N, 8.62%.
(+)-5-Chloro-1-(4-selen@-arabinofuranosyl)uracii3p).

White solid; Yield: 61%; mp 271-278; [a]p*° +1.82 € 0.11, CHOH); UV (CH;OH) Amax 281
nm; 'H NMR (CD;0D) § 8.59 (s, 1H), 6.50 (d] = 4.8 Hz, 1H), 4.16-4.10 (m, 2H), 4.03-3.90
(m, 2H), 3.57 (g = 5.4, 10.6 Hz, 1H)**C NMR (CD;OD) & 161.7, 152.1, 143.8, 107.8, 80.5,
78.4, 63.7, 57.0, 51.6; MS (ESI) m/z: 364.9413 [MfNFound: C, 31.45; H, 3.05; N, 8.02.
Calc. for GHy,CIN,OsSe: C, 31.64; H, 3.25; N, 8.20%.
(+)-5-Bromo-1-(4-seleno@-arabinofuranosyl)uracil3g).

White solid; Yield: 57%; mp 243-24€ (decomposed);o]o® +3.33 € 0.03, CHOH); UV

(CH3OH) Amax 283 nm;*H NMR (CD;OD) § 8.70 (s, 1H), 6.49 (d] = 4.8 Hz, 1H), 4.16-4.10



(m, 2H), 4.02-3.90 (m, 2H), 3.58 (t= 2.8 Hz, 1H);**C NMR (CD:;OD) 6 161.8, 152.3, 146.4,
96.0, 80.5, 78.4, 63.6, 57.0, 51.7; MS (ESI) m(8.8906 [M+Na]; Found: C, 20.45; H, 2.47;
N, 7.04. Calc. for ¢H;.BrN,OsSe: C, 20.70; H, 2.87; N, 7.26%.
(-)-5-lodo-1-(4-selenm-arabinofuranosyl)uracil3f).

To a solution of compounti4f (1 equiv.) and triphenylphosphine (3 equiv.) itrabydrofuran
were added benzoic acid (3 equiv.) and DIAD (3 eguit 0°C and the mixture was allowed to
stir at room temperature for 3 h. After adding Et@he mixture was evaporated under reduced
pressure. The residue was purified by silica gelroa chromatography (hexane:ethyl acetate =
5:1) to give the desired compound mixed with DIADpurities. To this solution in
tetrahydrofuran was added 3N (3 equiv.) and triethylamine (3 equiv.) at@. After being
stirred at the same temperature for 30 min, theti@amixture was allowed to warm to room
temperature and stirred for additional 1 h. Thectieoa mixture was concentrated and the
residue was purified by silica gel column chromaapdpy (dichloromethane:methanol = 7:1) to
give the TIPS deprotected derivative. This compoimdaturated methanolic ammonia was
stirred in a glass bomb at room temperature foh.15hen all volatiles were evaporated under
reduced pressure and the residue was purified bgaspel column chromatography
(dichloromethane: methanol = 10tb)give the corresponding deprotected compoundsadich
This was finally recrystallized from diethyl eth@éthanol to giver.

White solid: mp 252-257C; [o]p™° -90.00 ¢ 0.02, CHOH); UV (CH;OH) Anax 289 nm;'H
NMR (CDs0D) § 8.75 (s, 1 H), 6.47 (dl = 4.8 Hz, 1H), 4.15-4.09 (m, 2H), 4.01 (dt= 5.2,
11.6 Hz, 1H), 3.92 (dd) = 6.0, 11.6 Hz, 1H), 3.57 (dd, = 5.0, 10.6 Hz, 1H)*C NMR
(CD,OD) & 163.0, 152.7, 151.5, 80.5, 78.4, 66.7, 63.6, 56185; MS (ESI) m/z 456.8774

[M+Na]*; Found: C,; H,; N,. Calc. fordEl11IN,OsSe: C, 24.96; H, 2.56; N, 6.47%.



General procedure for the synthesis of cytosinalives3s 3t and3u.

A solution of compound®a, 3g or 3m (1 equiv.) in anhydrous pyridine was treated veitetic
anhydride (10 equiv.), and the mixture was stimédoom temperature for 15 h. The mixture
was evaporated under reduced pressure and theeesats diluted with dichloromethane. This
solution was washed consecutively with dilute H&&turated NaHC{solution and brine. The
organic layer was dried over Mgafiltered and evaporated under reduced pressure. T
residue was purified by silica gel column chromaaphy (hexane:ethyl acetate = 1:1) to give
peracetylated compour8s 23t or 23u as a white foam.

To a solution of compoun@3s 23t or 23u in acetonitrile were added 1,2,4-triazole (1 equiv
phosphorus oxychloride (1.1 equiv.), and triethytear(1.1 equiv.) and the mixture was stirred
at room temperature for 15 h. The mixture was édutvith dichloromethane and the organic
layer was washed with saturated NaHCglution, brine, dried over MgSQfiltered and
evaporated under reduced pressure. The residuenethtevas used in the next step without
further purification 24s 24t and24u). To a solution of this residue in 1,4-dioxane \adsled
ammonium hydroxide (28%), and the mixture was estirat room temperature for 15 h. After
removal of all volatiles, the residue was dissolirechethanolic ammonia and stirred again for
20 h. The reaction mixture was evaporated undercedt pressure, and the residue was purified
by silica gel column chromatography (dichloromet#tamethanol = 6:1) to give the
corresponding deprotected compound as a solid. Whis finally recrystallized from diethyl

ether/methanol to giv@s 3t and3u.

(+)-1-(2-Azido-2-deoxy-4-slenob-arabinofuranosygytosine 89).
White solid; Yield: 46%; mp 81-8€; [o]p>° +8.89 € 0.36, CHOH); UV (CH;OH) Amay 277

nm; IR (KBr) 2115 crit(Ns); *H NMR (400 MHz, CROD) & 8.26 (d,J = 7.2 Hz, 1H), 6.58 (d,



J= 6.4 Hz, 1H), 5.91 (d) = 7.2 Hz, 1H), 4.17-4.13 (m, 1H), 4.08-4.00 (m, 2BIB8 (dd,J =
6.0, 11.6 Hz, 1H), 3.55-3.51 (m, 1HYC NMR (100 MHz, CDGJ) § 167.5, 159.0, 146.0, 96.0,
76.8, 73.3, 63.0, 52.6, 47.9; MS (ESI) m/z 355.0(M%Na]"; Found: C, 32.54; H, 3.32; N,
25.54. Calc. for 6H2NgOsSe: C, 32.64; H, 3.65; N, 25.38%.
(+)-1-(2-Deoxy-2-fluoro-4-slenob-arabinofuranosyfytosine 8t).

White solid; Yield: 59%; mp 231-23% (decomposed);a]p?° +0.16 € 0.05, CHOH); UV
(CH:OH) Amax 274 nm;*H NMR (CD,OD) 6 8.22 (dd,J = 1.8, 7.4 Hz, 1H), 6.80 (dd,= 4.8,
17.2 Hz, 1H), 5.91 (d] = 7.6 Hz, 1H), 5.01 (t) = 5.0 Hz, 0.5H), 4.88 (t) = 5.2 Hz, 0.5H),
4.42-4.38 (m, 1H), 4.00-3.96 (m, 1H), 3.84-3.79 (bh), 3.62-3.60 (m, 1H)}*C NMR
(CD;OD) 6 167.7, 158.8, 146.6 € 3.2 Hz), 100.1, 98.2, 96.0, 76.1< 23.5 Hz), 64.2J= 3.3
Hz), 55.3 § = 16.2 Hz), 50.9*F NMR (CD:0D) § -193.69 { = 9.4, 17.3 and 50.4 Hz) ; MS
(ESI) m/z 331.9918 [M+N4]j Found: C, 35.07; H, 3.59; N, 13.68. Calcd fgHGFN;OsSe: C,
35.08; H, 3.92; N, 13.64%.

(-)-1-(4-Selenob-arabinofuranosyfytosine 8u).

White solid; Yield: 54%; mp 220 (decomposed)p]p>° -1.73 € 0.17, CHOH); UV (CH;OH)
Amax 276 NM:*H NMR (CD;OD) & 8.27 (d,J = 7.6 Hz, 1H), 6.67 (dJ = 5.2 Hz, 1H), 5.88 (dJ

= 7.6 Hz, 1H), 4.18-4.11 (m, 2H), 4.08-4.04 (m, 1888 (ddJ = 6.8, 11.2 Hz, 1H), 3.60-3.56
(m, 1H); **C NMR (CD;OD) & 167.5, 159.2, 147.6, 95.2, 80.4, 79.3, 64.7, H147; MS (ESI)
m/z 308.0142 [M+H], Found: C, 35.71; H, 4.67, N 13.89. Calc. fgHGN;O,Se: C, 35.31; H,

4.28, N, 13.72%.

Cellular metabolism study

Sample preparation



PC-3, human prostate cancer cells were seededl@@iomm dishes at a density ofx510°
cells/dish and incubated for 24 h. The cells wesated with 50 uM of compourft for 24 h.
After harvesting, cells were washed twice with DPBSII pellets were suspended with 400
methanol and 20QL chloroform. Samples were then vortex-mixed forsg@ and submerged
for 1 min in liquid N.. After thawing at room temperature for 3 min, faenples were sonicated
for 5 min. This liquid N-sonication process was repeated for three timégn,T200uL

chloroform and 20QiL deionized water were added and the samples vegreiftiged at 22,000

g for 20 min at £C. The 350uL of supernatant (or upper-layer) was transferced tentrifuge

tube and dried by vacuum centrifugation. Beforedtipn to HPLC-MS, the dried sample was

dissolved with 1QuL buffer (deionized water:acetonitrile=1:1).

HPLC-MS experiments

The HILIC separation was performed using AgilentOQlseries HPLC system (Agilent
Technologies, Palo Alto, Ca, USA). The analytesendetected using 150 x 2.1 mm SeQuant
ZIC-pHILIC (Merck, Darmstadt, Germany) HPLC colunsoupled with mass spectrometry.
The mobile phase contained (A) water with 10 mM amimm carbonate and (B) acetonitrile.
The gradient was linearly increased from 20% AQ&68n 30 min and kept for 15 min. It was

then reduced to 20% in 0.1 min and kept for 15 riime gradient was at a flow rate of 0.1

mL/min, and the column temperature was kept atG35The injection volume was @L. For

mass spectrometry, the HPLC system was coupled td @-XL MS (Thermo Fisher, San Jose,
CA) equipped with an electrospray source. The shgas flow was set to 35 (arbitrary unit),

aux gas flow to 10 (arbitrary unit), sweep gas flmn2 (arbitrary unit), Spray voltage to 4 kV,

capillary temperature to 30T, capillary voltage to 19 V, tube lens to 65 V, amtmalized



collision energy to 35% for MS/MS experiment. Thoars range waavz 300 — 560 and total

analysis time was 35 min.
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Highlights

Novel 2'-substituted-4'-selenoarabinofuranosyl midineswere synthesized.
Pummerer-type base condensation was utilized.

Mitsunobu reaction with DPPA was used for the idtrction of the 2'-azido group.
DAST fluorination proceeded via the episeleniunetntediate.

The 2'-F-4'-Se-AraC exhibited better anticanceivagtthan Ara-C.



